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THE BEST LOW COSI PROGRAMMERS 
DESIGNED & MANUFACTURED IN THE UK 


SPEEDMASTER 1000 
SPEEDMASTER 1000E 
UNIVERSAL PROGRAMMER 

№ Superfast PC based programmer 

Ш Programmes; EPROMS UP TO 8M BIT, 
FLASH EPROMS, EEPROMS, BPROMS, 
NVRAMs, MICROs (8748/51), 
PALs, GALs, EPLDs, PEELS, N 
MACHS, MAPLs, MAX о“% 

Ш Plugs directly into к^ 
parallel port 

№ 1000E Version has ROM/RAM 
emulator built in: 128k оз 
(1 Mbit) standard, 
optional 512K (4Mbit) 


MICROMASTER 1000 
MICROMASTER 1000E 
UNIVERSAL PROGRAMMER 

Ш Programmes: EPROMS UP TO 8M BIT. 
FLASH EPROMS, EEPROMS, 
BPROMS, NVRAMs, PALs, оз 
GALs, EPLDs, PEELs, о 4 
MACHs, MAPLs, MAX etc. ი 

Ш PLUS over 80 different Micros 
including 8748/51, 68HC705, 68HC711, 
PICs, 786, ТІМ5320, TMS370 etc DIPs 
WITHOUT ADAPTORS OR 
PERSONALITY MODULES! 

Ш Package adaptors available. 


Ш 1000E Version has ROM/ Ay 
RAM emulator built in: os © 
128K (1Mbit) standard, ge^ 
optional 512K (4 Mbit) 

SPEEDMASTER 8000 
GANG/SET PROGRAMMER 


ШЗ way, Pc or stand alone 
Ш Super-fast programming times, 
manufacturer recommended 





algorithms e 
Ш 32 pin devices as standard о გდ 
Ш Support for 8748,51, 50 
TMS370, PIC Micros and 
40 pins. 


WHY BUY AN INFERIOR IMPORTED PROGRAMMER WHEN YOU CAN HAVE A MANUFACTURER 
APPROVED UNIVERSAL PROGRAMMER/EMULATOR DIRECT FROM ICE TECHNOLOGY! 


L I We offer the best range of low-cost programmers available, now including our unique 
UNIVERSAL PROGRAMMERS WITH BUILT IN EMULATORS 

71 Unrivalled device support, for example the Micromaster 1000 programmes PICS, 786, 87C 705, 68HC705, 
TMS370, 77C82 ETC WITHOUT ADAPTORS, as well as the full range of Eproms, PLDs etc supported by 
all our universal programmers. 

| Approved by National Semiconductor for their full range of PALs, GALs, and MAPLs - other programmers 

claiming approval are often only approved for EPROMs - a much less exacting specification! 

LI All our programmers and programme/emulators work off the standard parallel port with any ІВМ 
compatible PC, even laptops 

Г] Unbeaten programming times: Programme a 27256 in just 5 SECONDS including download and verify. 

L | Easy upgrade path between Models. oe Y 

“ 


FOR MORE DETAILS, DEVICE LIST AND DEMO DISK CALL NOW ON 7 
TEL +44 (0)226 767404 FAX +44 (0)226 370434 КИДАЛА 


ICE TECHNOLOGY LTD, UNIT 4, PENISTONE COURT, STATION BUILDINGS, PENISTONE, $. YORKS, S30 6HG, UK. 
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signalling system for home 
automation, of which the 
first part (of a two-part 
article) is discussed on 
page 42. Mains signalling is 
a method by which signals 
can be superimposed on 
mains wiring for the remote 
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but in this country and 
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Hercules, CGA, EGA 
or VGA display and 
many DOS emulations. 

e Design:- Single sided, 
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Multi-layer (8) boards. 

ი Provides full Surface 
Mount support. 

e Standard output 
includes Dot Matrix / 
Laser / Ink-jet Printer, 
Pen Plotter, Photo- 
plotter and N.C. Drill. 

e Tech Support - free. 
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HALOGEN LIGHT DIMMER 








The popularity of halogen light is still increasing, and rightly 
so because of some distinct advantages: the colour 
temperature is agreeable and excellent to work by, the 
efficiency is relatively high, and the lamps are powered by a 
low voltage. One disadvantage of halogen lights is rarely 
mentioned, however, although it is pretty obvious: 
conventional light dimmers can not be used. In this article an 
ingenious circuit is described to overcome that disadvantage. 


Design by T. Giesberts 


HERE are several ways of control- 
ling the intensity of a lamp. The 
simplest and most obvious of these is 
to insert a high-power adjustable resis- 
tor in the supply line to the lamp. 
Theoretically, there is no objection 
against this solution. In practice, how- 
ever, the power lost (іп the form of 
heat) via the resistor increases as the 
lamp intensity is reduced. Again, this 
is no problem in theory, but most of 
you will balk at the energy waste 
caused by a red-glowing resistor and a 
lamp lighting at, say, a quarter of its 
nominal intensity. Fortunately, the se- 
ries resistor method has never made it 
to large scale use with halogen lights, 
and it is easy to see why. 
A much more elegant alternative is 
the adjustable transformer, or auto- 
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transformer, which held a very strong 
position for quite some time as a light 
dimmer in theatres and cinemas. With 
the arrival of thyristors and triacs, the 
autotransformer soon disappeared, 
and the principle of voltage control was 
replaced by phase control. 


Phase control 


Although an autotransformer is an in- 
teresting piece of technology. it is a 
fairly costly and cumbersome device. 
These disadvantages do not apply to 
the competitive technique, phase re- 
duction, also known as phase control 
or phase cutting. Light dimmers oper- 
ating on this principle are just as com- 
pact and inexpensive as the previously 
mentioned adjustable resistors, but 


that is as far as the comparison goes 
because they are virtually free from the 
'energy waste' disadvantage. 

Phase control is achieved with the 
aid of a fast electronic switch (usually a 
triac), which is driven in such a way 
that it is closed during a section of the 
each period of the alternating supply 
voltage. In this way, pieces are 'cut out 
of the phase. During the time the 
switch is open, no current flows, so no 
energy is wasted in the regulating de- 
vice. The operation of the phase control 
is illustrated in Fig. 1. As soon as the 
alternating voltage is past the zero 
crossover point, and about to increase 
in the positive or negative direction, a 
capacitor is charged via an RC net- 
work. Almost instantly, the triac is 
fired (triggered) by a pulse generated 
by the charged capacitor. The triac 
starts to conduct, and switches on the 
lamp. The lamp lights only briefly, 
however, because the triac stops to 
conduct as soon as the current which 
flows through the device drops below 
the so-called 'hold' level. That hap- 
pens, obviously. when the alternating 
voltage reaches the next zero crossover 
point, which causes the triac to be 
switched off, and wait for the next trig- 
ger pulse. 

By comparing the left-hand and 
right-hand section of Fig. 1, it be- 
comes clear how the intensity of the 
lamp can be made adjustable. By in- 
cluding a potentiometer in the previ- 
ously mentioned RC network, the 
instant at which the capacitor is suffi- 
ciently charged to furnish the trigger 
pulse, becomes variable. If an ‘early’ 
instant is set (left-hand part of Fig. 1), 
the triac will conduct the largest part 
of each half period. Consequently, the 
lamp wil light at an intensity just 
below its maximum. By increasing the 
RC time (right-hand drawing), the triac 
is fired much later, so that the lamp 
lights much shorter. If the firing pulse 
arrives just before the next zero cross- 
ing, the lamp will hardly light because 
it is on for a very small part of each 
half period. 


Phase control with 
halogen lights 


Unfortunately the transformer used 
with halogen lights makes it impossible 
to apply the above principle of phase 
cutting straight away to achieve inten- 
sity control. While a normal incandes- 
cent lamp forms a fairly ‘neat’ 
non-reactive load, the transformer 
used to step down the mains voltage to 
the halogen lamp supply voltage of 
12 V or 24 V is a highly inductive load. 
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Fig. 1. In a phase reduction dimmer circuit, the lamp is only on for an (adjustable) part of each 
half period of the alternating supply voltage. This is achieved with the aid of a triac, which is 
triggered by an RC circuit, and switched off again (automatically) on each zero crossover 


point of the alternating voltage. 


Consequently, current and voltage are 
not in phase, causing a lot of trouble. 
Assuming that a phase control circuit 
is used to 'dim' a transformer, it will 
often happen that a firing pulse arrives 
at the triac gate when the current, in- 
stead of the voltage, passes a zero 
crossover point. If that happens, the 
triac can not possibly start to conduct 
because it passes a current which is 





below the hold level. The result of the 
reactive component presented by the 
transformer primary is erratic behav- 
iour of the control. 

Can we do something about that? 
The first solution would appear to use 
a triac with a very low hold current, be- 
cause that reduces the risk of faulty 
triggering considerably. However, this 
is considered ‘cheap’ by many, and 
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Fig. 2. To make sure that the dimmer operates reliably with the inductive load presented by 
the transformer primary, the RC network is extended with a capacitor to provide a burst of 


trigger pulses, rather than a single pulse. 


goes round the actual problem. The 
real solution obviously lies in condi- 
tioning the trigger pulse. Two options 
are available: (1) the firing pulse may 
be made wider so that it lasts beyond 
zero crossings of the current, should 
these occur, or (2) each pulse is re- 
peated a couple of times at very short 
intervals. 

The second option is adopted for the 
present circuit, and a glance at the cir- 
cuit diagram in Fig. 2 shows the prac- 
tical implementation. 

The triac control proper is shown in 
the right-hand part of the diagram. 
Forgetting about Сз for a moment, i.e., 
assuming P, and Rg to shunt Ry, leaves 
you with an ordinary dimmer circuit. 
Capacitor C4 is charged via resistors 
Rs, Ry, Py and Rs. After a certain time, 
which is adjustable with P;, the charge 
contained in Сд is large enough for diac 
Бі to start conducting, so that a firing 
pulse is applied to the gate of triac Tri,. 
Consequently, the triac conducts, and 
so forms a connection between К, and 
Ко, i.e., the input and the output of the 
dimmer circuit. So far, nothing new. 

The operation of the circuit is made 
special by the capacitor we "forgot 
about’ in the above description. In fact, 
Сз is charged virtually simultaneously 
with C4, and functions as a reservoir 
device for the latter. Immediately after 
D, starts to conduct, and a part of the 
charge of C4 has 'disappeared' in the 
gate of Tri;, the capacitor is almost in- 
stantly recharged by Сз via Кз. causing 
another trigger pulse at the triac gate. 
This happens a couple of times, so that 
the triac gate is fed with bursts of three 
or four trigger pulses. The triac trigger 
burst is shown in the oscillogram in 
Fig. 3. 

The remainder of the circuit is all 
plain sailing, and requires hardly any 
further explanation, since the compo- 
nents used are found in nearly every 
dimmer circuit. Briefly, network R)-C, 
prevents voltage surges caused by the 
inductive load from ‘killing’ the triac. 
The combination of inductor LI and ca- 
pacitor Сә keeps the spurious signals 
caused by the trigger circuit away from 
the mains lines, where they would give 
rise to interference in other equipment. 
Resistor Кә, finally, acts as a ‘bleeder’ 
across capacitor Cy, preventing dan- 
gerous voltages on the circuit output 
when the load is disconnected. 

The triac used in the dimmer, fi- 
nally, is just the thing for the present 
application: it has a hold current of 
only 50 mA, and is capable of with- 
standing short pulses of up to 63 A! 


Building the dimmer 


For ease of construction as well as for 
safety's sake, the dimmer is best built 
on the printed circuit board shown in 
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Fig. 3. LeCroy 9410 oscilloscope screendump showing the trigger burst and the alternating 
supply voltage. If one of the pulses in the burst happens to coincide with the zero crossover 
point, there is always another to trigger the triac. 


7 


> 
| 
Т? o фе” 





Fig. 4. Populating this printed circuit board should not take you more than half an hour or so 
(PCB not available ready-made through the Readers Services). 
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HALOGEN LIGHT DIMMER 


Fig. 4. Unfortunately this PCB is not 
available ready-made through our 
Readers Services, so you have to etch 
and drill it yourself. 

Construction should be easy for the 
‘average’ home constructor. Be sure, 
however, to pay attention to the speci- 
fications of the components used. 
Capacitors C, and С» must be rated at 
630 VDC, and potentiometer P; must 
be a type with a plastic spindle. Do not 
use an ordinary choke for L;, but a real 
suppressor choke capable of handling 
up to 3 A. The triac can make do with- 
out a heat-sink if the load current does 
not exceed about 1 A (P approx. 
200 W). If you intend to use the dim- 
mer for higher currents (for instance, 
for a 300-W ceiling uplight), the triac 
must be fitted with a small heatsink. 
The maximum current the circuit is ca- 
pable of supplying is about 2.5 A (ap- 
prox. 500 W). 

Since a dimmer is invariably con- 
nected directly to the mains, every pre- 
caution should be taken to ensure 
electrical safety. Most parts in the cir- 
cuit are at mains potential, and are, 
therefore, extremely dangerous to 
touch. Never touch any part while 
the circuit is connected to the 
mains. Always disconnect the cir- 
cuit from the mains before doing 
any measurement or adjustment. 
Mount the dimmer in an all-ABS enclo- 
sure, and provide sturdy grommets 
and strain reliefs on the mains cables 
connected to К; and К». a 


COMPONENTS LIST 


Resistors: 

В1 = 1kQ5 1% 

R2 = 1МО 1% 

ВЗ = 33kQ2 1% 

R4 = 332kQ 1% 

R5 = 15kQ0 1% 

P1 = 500kQ linear уу. plastic spindle 


Capacitors: 
C1;C2 = 100nF 630VDC 
C3;C4 « 68nF 


Semiconductors: 
D1 = BR100/03 diac 
Tri1 = BTAO6-600BW (SGS-Thomson) 


Miscellaneous: 

ІЛ = 3004H ЗА suppressor coil, e.g., 

Newport 1430430 

K1;K2 = 2-way PCB terminal block, 
pitch 7.5mm 

F1 «fuse 2A5 slow, уу: PCB mount 

holder 
Enclosure: e.g. OKW A 90 20 087 
(65x20x40mm) 
2 strain relief clamps 
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0.20 ч 
020 |45348 40518T 078 74273 POA | 7415198 0.68 | ФИНИШНАЯ сооз 173) 7АНСТ564 742163 128 74685 186| |М39974 655 4.608000 10146354 1066088. 


4536В 4052BT 0.84 | 74276 3.56 | 74.5197 0.68 1N4001 0.04 | 4.915200 
0.42 тансоо 019) 74HC696 1.48| 74HCT573  0.64|74F164 1.28 |74C90 1.29 р 20MHz 
4538B 0.60 | 4053BT 0.98 | 74279 1.38 | 7415221 0.44 74HC697 124| 74HCT574 0641746166 432 |7493 210| 104002 0.04 |5.000000/5 Price: £3.92 ea. 


0.42 | 45398 4060BT 084 | 74283 1.26 | 7415224 74HCO2 019 1N4003 0.04 | 5 068800 LH5164D-10L 


0.24 74HCO3 024 | 74НС698 1.24 4HCT583 0.00| 74F168 4.48 |74С95 1.60 27 > 4 
45418 4066BT 0.59 | 74298 РОА | 7415240 0.42 1N4006 0.04 | § 242880 i не | 2114#L-2 
74HC699  1.24| 74HCT597 " 746169 3.60 | 74C150 540 184007 0.04 |5 888200 ue s P2114AL-4 


0.38 74HCO4 0.19 
45438 4068BT 0.38 | 74365 070 | 7415241 042 
74HC4002 0.35] 74HCT640 740174 076 
0.38 | 45448 4069UBT 0.38 | 74367 106 | 7415242 042 | 74HCU04 0.24 740151 394) 144148 0.03 |6 000000 Programmen tor |РСО5ІОІР | 
1N4149 — 0.06 |6 144000 1 მ UPD43256AGU10L 


0.26 
45478 1.68 | 40708Т 0.38 | 74393 294 | 74L5243 

74HC4016 0.44| таНСТ645 1.11 74-18 4.48 
0.36 | 45498 4071BT 038 | 74403 РОА | 7415244 баг | 740008 020 740157 380 144150 0.08 |6 400000 Зери Frequeney 83 
144446 006 | 6 552000 


038 Sancio 029 | 74HC4017 0.42| TaHCT646 74F182 1.80|74С164 254 
45518 40758T 0.38 | 74423 РОА | 7418245 0.42 
74HC4020 0.52 74F189 49 
0.40 |45538 4077BT 0.38 7415247 0.44 | 741C11 тв я 6740165 254) iazza 0224 | 6 553600 ее 


74HC4022 0.56] 74HCT651 a 74F190 340 4 0. to 600kH. 
0.40 |45548 4078B7 038 წაშლი 7415248 осе | 74HC14 64054. 74221 298) ყა47ვნბ 0224 |7 372800 pee арай 


0.20 74HC14A 9.50! 74HCT652 74F191 3.20 | 74C240 208 
45558 4081BT 0.38 7415249 0.99 1N4736A 0.24 | 8.000000 UVPROMS 
74HC4028 0.58) тАНСТ670 1.10| 74192 — 3.20]74C244 208 {муд 024 2667330 SPG8640BN 


0.23 74HC20 
4556B 4093ВТ 0.45 | 741500 0.18 | 7415251 0.32 

74HC4040 0.50| 74HCT673 742193 320 0.0083 to 1MH 
0.27 | 45578 4094BT 0.95 | 741607 0.18 | 7415253 0.44 | 74HC21 74HC4046 1.54| танстввв ТАҒ 148 a 505 1N4743A 024 |9 830400 у 008310 НИНЕ 27С128-25 


0:32 74HC27 1N4744A 024 5 
6 19 |45588 4508BT 2.05 | 741502 0.18 | 7415256 Отв | 741622 74HC4049 0.48] 74HCT4002 039 746195 224 746901 118 10.00000 SPOHEUCN 27C64A-15 
4560B 4510BT 1.02 | 741503 0.18 | 7415257 0.34 74HC4050 0.36 1N4756A 0.24 |10.69500 27С256-15 
0.54 740632 .36| 74HCT4015 1.13 746210 438 |74С902 1.18 0.064 to 7BBkHz 
ივი 49618 45116L 135 | 740509 021 | 7418257А 046 | DITS 74LC4051 0.64| 74HCT4016 74F224 РОА |засадз 152 1N5226B 0.09 | 11.00000 27С256-25 
-30 | 45628 4512BT 9.68 | 741505 0.21 | 7405258 0.44 74HC4052 068 74HCT4017 0.681 748240 062 | 746906 110 


1452328 0.09 | 2 00000 027256 
0.38 74НС51 SPG86508N 
45668 1.10 | 4514BT 220 | 74506 051 | 7415258А 048 1N5234B 0.09 |13 87500 27С5120-12 
74HC4053 0.68| 74НСТ4020 0.74 74624, 06 
0.35 | 45688 4516BT 102 | 741507 0.51 | 7415259 0.48 | 74НС58 0. OTAD с АСУУ IO 


0.00083 to 100kHz 
1N5337B 0.48 | 14 00000 27С10000-12 
74HC4053A 1.10 74F244 04: . 

0.21 145698 3.04 | 45188T 1.18 | 74508 0.18 | 7415260 022 | 74HC73 Зов Е аа d EN 52 CST a 22 1М523498 0.48 |1431818/5 Price: £9.25 ¢a, |27С:096-12 
104 457208 4520BT 1.18 | 741509 0.18 | 7415266 0.32 | 748С74 SAHCAOET 207 1M53528 0.48 |14.74560/5 PIN 
0.70 74HC75 2.52| 74НСТ4046 2.10|74F251 0.62/74C912 14.42 DC to DC 

4573Р 4521BT 1.07 | 741510 0.18 | 7415273 042 1М535678 0.48 | 1474560 HN27C1024HG10 
058 танСт6 74HC4066 0.46| 74НСТ4051 0.96 74Е251А 0.66 |74С914 116 Converters 

4580B 4522BT 1.22 | 741511 0.18 | 7415275 POA 74HC4066A0.54| 74HCT4052 74253 0.62|74Сә15 274 1453658 0.48 | 15.00000/5 16.6 
1.10 4581В 4528BT 0.88 | 741512 018 | 7415279 0.33 | 74HC77 223064067 up 2 1М5366В 0.48 | 16.00000 


039 40685“. 6. 4.72| 7AHCT4053 0.84 74257 0.62 |74С922 6.80 ТОК СЕ-0344 5.60 

45828 453480 POA | 741513 0.19 | 7405280 086 1М53708 0.48 | 16 00000/5 HN27C64G-15 
74HC4072 0. d 

2.57 | 4583В 4538BT 105 | 740514 024 | 7415283 045 | 74НС86 0. 035 (720643053. ТАР257А 0.66 740923 680| IN5380B 0.48 | 18.43200/§ ЭМ/5Н 15-15 27.50 | HN27C64G-20 


74НС4075 032 74НСТ4060 0.84 74F258 062 
1.27 | 45846 4541BT 1.05 | 74LS15 0.38 | 7425290 0.48 | 74НС93 740925 — 930 345401 0.11 | 19.66080/5 ІРІ 5.010 23.40 |HN462532P 


74HC4078 0.46) 74НСТа! 742259 РОА 
0.78 | 45858 46438Т 1.02 | 741520 0.18 | 7415292 1686 | 74HC107 Saneas 064 aided 746260 0.78 240828 Beet 1N5402 011 |2000000:5 HN4827128G-25 
322 | 4597CP 4555BT РОА | 740521 018 | 7413293 0.38 | 748С109 à | e| 1М6287А 1.55 | 29.5 1840/8 1 Мап DC/DC ILIM482764C 


74HC4316 0.68| 74HCT4075 0.36|74F269 74 input = 
0.42 | 45985 4556BT 1.05 | 741522 0.18 | 7415294 17.82 | 748С112 TAHCA351 089 Я PEIA. тай LEM 19825 1.80 | 24.00000/5 SV input -Output |M2716-4F1 
ს 7 1N825A 1.34 | 27 64800/5 DIL&SILby  M5L2732« 


0.41 74HC113 
45998 45858, 0.95 | 741522 0.58 | 7415296 1.11 
74HC4511 0.55] 74HCT4316 0.68 74Ғ280 0.68 4500 0.44| 1827 1/40 | 30 660061 Newport MBL2764K 


0.32 74HC123 

47208 40106ВТ 0.53 | 741526 0.18 | 7418295А 115 

74HC4514 138 T4351 74F283 09 

0.32 | 4720\ 40244BT 1.35 | 7415627 0.18 | 7415298 098 | 74НС125 TACT oT И 2|z4s02 044 188252 0.20 | 39 00000:5 NMAQ505:5V MBM27C64-20/21V 
5082-2800 0.66 | ав 00000/5 ММА0509-9У 


7AHCABIS 142 74-29” РО, 
4723B 40373BT 2.34 | 741528 024 | 7415299 1.53 | 746126 0.47) 741218 ав БОЛ |/а5ба- “051 
АСВ 080 74-CI4511 0.94) 742323 РОА [засад 042 50822870 140 |e დევის NMAO512«12V — |МВМ27С128-30 420 


4724B 741530 0.18 | 7415321 382 
тан! 20 
4731vP 980 | ЕЗДІҢ 741831 158 | 7415322 род | 74НС132 а Dee. 6 740350 150174608 0.42) 5082-2835 044 ММА0515:18У |МВМ27С256-30 5.16 
4737VP 18.28 741532 0.20 | 74153224 POA | 74НС133 4 3 74509 0.48| AA119 0.60 HC33/U Price:£7.90ea. NMC27C2560-25 


74HC4538 0. 
А7ЗВУР 18.50 | 7400 0.36 | 741533 020 | 7415323 3.24 | 74НС137 eu 048 те - ES 1 74510 0.98] AA144 0.72 
4750V0 28.50 | 740! 030 | 741537 0.18 | 7415347 2.86 | 74НС138 Sacro. 1.01 | 7аНСТАЕЗ8 тор | 742366 139174811 048|АА215 0-58 |0-204800 DC/DC Converters MMC27664C-25 3.68 
4752VP 29.25 | 7402 0.34 | 740538 0.18 | 7415348 198 | 74HC139 T4HC7o02 101| zaHCT7007 039) 7aF367 14817420 0.48 /V717 0.58 | 9.307200 byComputer |Тм$2516Л0-45 4.58 
4753VP РОА | 7403 034 | 744540 018 | 7415362 1.68 | 74HC141 Е -3 01 КОГА 130174932 078) 218. 0.48 | 000000 Products TMS2712BJL-25 4.64 
74HC14? 01 | 74HCT7046 2.80 74368 130 74540 025) savio 008 |1-343200 PM623 24.60 |т Е d 
4754УР РОА | 7404 040 | 741542 0.32 | 7405353 1.68 Fate T2060 84  VAHCT: 373: 206 MS2716JL-45 46 
saeti .84| 74HCT40102 2.43 74 2| 74551 036| BAV45 98 | 2.000000 РМ671 26.70 ; d 
40085 1.98 | 7405 0.40 | 741544 2.11 | 7405363 2.10 НСТ 1-89 4 4. UPD27256D/21V 5.6 
HGS} 30. 99) 74HCT40103 1.48 | 74374 062174564 036 2.097152 РМ672 26.70 ; d 
40097 0.62 | 7406 0.66 | 741547 055 | 7415264 РОА НСО ншы BAWG2 006 UPD2732A/21V 4.9 
TAHCIS3 0) ?4НСТ40104 271|74F377 092 74574 098 2.457600 РМ903 44.00 р 
40098 0.62 | 7406А 0.72 | 741548 0.54 | 7415365 030 ?ансу2 110| ғанстаотоѕ 15213463787 156 BAXI6 02615 UPD27C2560-15 5.80 
40100 248 | 7407 0.63 | 741549 1.38 | 74LS365A. 0.34 | 74НС154 22 C 4010-4510" лы 3760174586 1.12) 88204 0 32 | 2-500000 .92 CM951 46.50 | UPD27C512D-15 6.96 
40101 POA | 74074 0.65 | 741551 0.19 | 7415366 0.36 | 7480155 тансаотоз 110 ШЕЕ arces pon 70:2 108 68212 248 |3 000000 ЕВА |UPD27C640-25 4.99 
40102 1.20 |7408 0.37 | 741554 019 | 74LS366A 0.42 | 74НС157 0. > 748124 2.42 BB405B 022 лың 


SURFACE 
1 
40103 088 | 7409 0.67 | 741555 0.32 | 7415367 029 | 74НС158 790408057240 MOUNT 746395 РОА |74513: 098 BB809 060 METAL FILM EEPROMS 


40105 1.82 | 7410 0.35 | 741573 040 | 74LS367A 0.34 | ?АНС160 0. 246399 098 (745133 O73 By179 042 0.25V/ 1% 
40106 0.30 | 7412 0.64 | 74LS73A 0.48 | 7415368 0.36 | 74HC161 [НЄТ ЕНЕР седі Gea БОА 745134 1951 BY260-200 3.58 d E24 Beries 2864-25 
40107 042 | таз 076 | 741574 022 | 741536вА 1.72 | 78НС162 танстос 0:22 |74НС03М тағаз2 РОА 1749138 0.88) ВҮ261-200 3.98 5 давод ‚25 |708 to 1M Зр each |28С64-15 
40108 РОА |7414 0.72 | 74.574А 024 | 7415373 038 | 741C163 042) IC > 022 aHCOAM авот 1201743139 9.88] ВҮУ28-100 0.99 |7 864320 N.B. Min Qty. Order 28C256-20 
40109 1.24 | 7416 053 | 741875 0.28 | 7418374 0.44 | 74 C164 J4HCTO3 Саны — Gao|vaoos 120146140. 078 вүуз2-50 160 |5 600090 ^44 |Min. 5рс per value |28С256-15 
40110 1.04 | 7417 0.48 | 741876 0.68 | 7415375 0.42 | 74H C165 танстоа Goo|vauComM ^ oso|rarasa то 748153 1.26) Суввоѕ · “0:60. 40 00000 жазады — |28C256-150C 
40114 262 |7420 0.37 | 741576А 0.72 | 7418377 0.66 | 748С168 74HCT08 0 22|74HC10M тағаза  129|/419197 1.22 05166 0.40 ++ 05920 METAL FILM — |X2816AD 
40116 12.48 | 7425 0.59 | 741577 042 | 7416378 0.98 | 74НС173 танстэо огә[танстам 036 pares? 160 745163 2:80 MViaos 15:90 |2 одоод PRECISION |Х2816АР-25 
40117 1.80 | 7426 0.48 | 741578 0.32 | 7415379 0.99 | 74НС174 танбтат  022|74HC20M — 026) тағ: ქ © 74814. 0.921 МУ209 1.20) 44 00000 0.25 WATT 0.1% |Х2864АР-35 
40147 123 7427 0.59 | 741588 029 | 74L8381A 4.96 | 74НС175 036) ЫТ 022 7aHC3oM 281746598. 100 745177 1.35, OA200 0-10 | 16.00000 E96 Series 24601 

40160 0.54 | 7430 0.35 | 741583А 0.39 | 7415385 3.48 | 74HC181 ლოი 056 406329 озере 1901/49182 — 329 OA202 020 | 200900 1008 to 255K 24002 

40161 054 7432 045) 741588 0.38 | 74LS386 оөз | 74HC182 TaHCT21 026|74HC74A 0. pigs à 8 [745189 2.14 Одат 0.14 |34 00000 Price: £0.94 each |24С04 

40162 054 | 7437 0.59 | 740586 027 | 7418390 046 | 7446190 0.6? | стау იმე OCT Оз а 1981745195 240| ОА90 0.14 * ---- |24С16 

40163 0.54 |7438 049 | 741590 0.40 | 7415393 0.40 | 74HC191 TaHCT30 026|74HCBSWM 065) 746544 ON 748240 100) РБКЕЗБА 0.88 има HIGH PRECISION |28С04А-20 
40174 0.34 7440 0.77 | 741591 POA | 7415396 0.66 | 74HC192 ыы 622|тансвем — 036 74-545 იცი 729241 112 POKEA7A 0.88 NON-INDUCTIVE {59C11 

40175 047 | 7442 055 | 741592 POA | 74LS395A 0.94 | 74НС193 წ у 745244 177 RECS3A 0.40 |8.000000 225| WIRE WOUND |93С06 


74HCT42 0.46|74HC123AM 046 74F547 РО, 
40181 POA | 7445 1.20 | 741593 0.44 | 7415396 РОА | 74HC194 танСттз 036|74НС125М IESUS 2 Us 745257 122 zPD27V 0.06 |8192000 202| 0.15 WATT 0.1% |93С46 
40192 0.62 | 7446 1.53 | 741898 0.48 | 7415398 РОА | 74HCI95 0.47) с" 026|74HC132M Zapoa 291743258 122 10.00000 225 
40193 0.74 | 7447 0.98 | 744596 (442 | 7415399 0.81 | 74НС221 ү 


. 749260 — 0.70! ZENER DIODES |11.00000 2.25) Temp.Coefí3ppm | MISC. MEMORIES 
40194 1.82 | 7447A 7418107 0.28 | 746423 0.98 | 74HC237 CHE 946 и ў d i 745273 244 MISC. 122880 2.66 | 10R.50R.100R,250R, 
40195 2.24 | 7451 0.57 | TALS107A 0.38 | 7415445 РОА | 74НС238 0.64) TOL C154VM 0 64| 7arez0  POA| 9274 242 15.00000 2.25 |10K.100K 6341-14 

40240 2-62 | 7454 072 | 7415109 0.28 | 7415450 10.68 | 74НС240 ы 058 7406157M 038 sabes] БОА 748280 096 в2Ү9ЗС7У52.66 177347 280 Price: £3.85each |АМ2148-450С 
40244 1.36 | 7470 0.54 | T4LS109A 0.32 | 7415461А 716 | 7480241 044) > 040 749C16IM  O4B|Tareea poal 49289 1.90) в2ү3С15 2.66 18.0000 250| ------ --- |АМ275281ІРС 
40245 1.36 | 7472 038 | 7415112 0.28 | 7415466 3.82 | 74НС242 74НСТ109 0 42| 7АНС16АМ 048 748 > 745374 2.18) В2Ү93С18Н2.66 |20.00000 225| HIGH PRECISION |!DT7130LA-100P 
40257 0.54 | 7473 0.59 | 7418112А 0.34 | 7415467 778 | 74НС243 таңСті12 042|74НС165М 057|7 елш ты 745394 2.10 BZY93C20 2.66 |21.00000 2.25] NON-INDUCTIVE 
40373 110 | 7474 0.53 | 7415113 0.32 | 7415468 7.78 | 74HC244 74НСТ123 o64/74HC173M 0. ნანას А 2А 745412 2.10) BZY93C24V 2.66 | 24 00000 280 WIRE WOUND  ||DT7132LA-100P 
40374 1.10 | 7475 0.67 | 74LS113A 0.38 | 7415469 6.10 | 74НС245 74HCT125 056|74НС174М а ОА 748436 2.62, BZY93C33R2.66 0.33 WATT 0.1% 
45026 4.42 | 7476 072 | 7405114 032 |7415469А 670 | 74HC251 035 | CTS 090 E AM Oes 7 POA [745437 — 282| BZTO3C120 0.40 | CRYSTALS MISC. MBB414E 
45027 5.99 | 7480 126 | 74LS114A 036 | 7415490 2.85 | 74HC253 0:56 ОА 


749472 2.321 В2Х61С9У20.09 Temp.Coeft.3ppm | МСМ4027АСЗ 
74HC257 0.47 | 74HCT132 0.50|74HC240WM 742827 448 [746734 262 HC43, P : 
45028 4.49 | 7483 1.10 | 7415122 0.39 | 74LS491A 12.82 aiden 74НСТ137 0.52 |74ҢС244У/М 742841 448 $73. 62| BZX61C24V 0.09 /L 1R.5R,10R.20R.50R |N828126AN 


45040 РОА | 7485 0.58 | 7415123 036 | 7415502 РОА . ZENER DIODES | 1.000000 6:99 price: £3.60 each |М825153М 
74HC245AW 0. : 23. 

45041 РОА | 7486 053 | 74.8125 0.28 | 7415540 ово | 7440259 Б н Das 74HC251M (46845 Е მაღლი om MINI CYLINDER NECS IU 

45100 POA | 7490 0.76 | 741$125А 0.32 | 7415541 ово | 74HC266 с 2.4V to 75V 100R.120R, 250R, |NMC6504J-9 


74HCT147 0.68|74HC259M 069| 74F1244 3.7. 1 
45106 7.98 | 7490A 1.34 | 7415126 0.32 | 741856 РОА | 74НС273 АНСТ 082 | НСМ 5 |zscosap 1.151 Price бр васп |003278 0.88. o 1K. 26 вк. — |NMC9306N 
45109 РОА | 7491 2.56 | 74LS126A 0.36 | 7415573 1.34 | 74HC279 მ 7 


ё 10K.20K P5101L-1 
74HC280 74HCT153 0.44|74HC367WM 0.53| 20123 7805 0.28 WATCH 2 
45138 РОА | 7492 067 | 7415132 029 | 7418574 1.34 | 74НС280 JaHCT154 124|74HC373WM 0. 7805А 032| ZENER DIODES | 0.032768 0.82 | ჩიხი: £3.10 each |ТВР186030М 


45145 10.04 | 7492A 112 | 7415133 0.18 | 7413590 485 500mW TBP24S10N 
45146 POA 7493 068 | 7468136 038 | 745602 son | 74HG29a 0,73 Т4НСТ157 0.44 74HC374WM 0.55 74А000 038)7805ҒА 045). олу CRYSTAL ELM TBP24SA10N 
SA eodd TAHCT!58 0.48|74HC390M 057 74ACO2 — 0.49|7806 0.28 OSC MODULES 
45151 19.50 | 7493A 0.70 | 7415137 0.98 | 7415593 6.79 но 74HCT160 056|7АНСЗ9ЗМ 053|74АС04 0.40|7808 о.28 | Price: 8p each DYNAMIC ВАМ |705501Р 


45152 21.45 | 7495А 1.10 | 7415138 0.31 | 7415595 4.85 танстіві 0 56 74-IC540VVM 076|74ACOB 0.40! 7809 832 РО ТС5504АР-2 


45156 15.80 | 7497 6.23 | 7415139 0.34 | 7415597 495 | /4HC354 ZENER DIODES TC5516PL-15 
танст162 74HC541WM 74АС10 0.40 781 2 i 8 
45157 1438 | 74104 0.67 | 7415145 066 | 7415621 РОА | 74НС356 11652044: 315 Бай Hastie к. |41510 140 |TC5517AP-2 


7АНСТ163 0.56|74HCS73WM 1.09| 744C11 040|7812А 0.32) 13 WATT 4 
25158 11.94 | 74107 0.60 | 7415147 286 | 7415622 poa | 74НС365 oo 2.7V to 200V TrEOutut | етте 120 |TCssesPL-15 
9 POA | 74 POA Ls L 74-C366 74HCT164 0.52|74HC574WM 0.84) 74AC14 0.40|7812СТС 032 4Pins spaced at |4164-15 1.20 |р 
pos 110 7415148: 0093) TA GAS :-298 зет 74HCT165 0.52|74HC688WM 0 84 74АС20 0 40 |7815 0.28 | Риісе:10р each | comers of 8pinDIL (41256-8 2.40 | MS4014JDL 
45406 2.73 | 74116 3.10 | 74158151 0.32 | 74156244 210 74HC368 * 74HCT166 0.52]74HC4017M 0. 74AC32 040|7818 0.28 41256-10 2.40 
45407 6.47 |74118. POA | 7418153 0.32 | 7415625 5.37 | 7. gaa | T4HCT173 Q52|74HC4020M 0.48|74АС74 0.48 |7824 0.28| ZENER DIODES | мнг 41256-12 240 | лар 
45411 РОА | 74119 РОА | 7415154 112 | 7415826 РОА 3.0 WATT 
таат 74НСТ174 0.52}74HC4040M 044 744C109 044|78105 024 . 4.49152.8,10, [4126418 — 224 | TERI 
45414 15.60 | 74121 098 | 7415155 0.34 | 7405627 РОА 74НСТ175 0.52|74HC4046M 0.81 |78105А 028 7.5V to 270V 12.16820  41464-12 4.45 
45428 РОА | 74123 0.94 | 7415156 0.38 | 7415628 1.78 | 7АНС375 ў Price:40p each als > я 
74HCT181 3.24|7АНС4060М 0.65 | 7BLOSACLPO.40| Рисе:40р each |р 41464-10 445 IM C 
45433 РОА | 74125 0.67 | 7415157 0.38 | 7415629 1.98 | 74HC377 сезсен ез уе Ceramic 
-99 | zaucaae 74HCT182 0.96|74НС4066У/ 0.65 |78105АС2 0.28 | ZENER DIODES 4464-10 2.80 |63 VOLT 
45440 РОА | 74126 098 | 7415158 0.34 | 7415631 POA 5.0 WATT 
alic 74HCT190 0.64|74HC4538M_0. 9.68 7812 028 : 24.32.40 & 414256А-70 3.90 |Case Size: 1206 
45441 POA | 74128 1.19 | 7415160 0.48 | 7415639 РОА Ё 
7aHCT191 0.64 O65|78L12A — 028|$3V10200V ^ |soy 44C256AZ.10 695 |L2xXW1.25mm 
74132 0.86 | 74LS160A 0.54 | 7415646 0.98 | 74HC393 74F SERIES 08 Price:42p each MT 
БЕНД 74145 1.16 | 7413161 0.46 | 7415641 098 | 74НС423 СТ 098. к озо vi აბ თ ы 7 (440250 ЖОКЕ КЕ 
АЛ 74150 1.86 | 74LS161A 0.49 | 7aLS641-1 1.28 | 7480521 CTI 74Ғ00 უა იგავში P» ОО еда ეა 
ЛЫМЕН 74151 ово | 7415162 0.48 | 74LS642 0.98 | 74НС533 241011011 13 zaro2 4 040224 x on. მის Әріп ПІ. HMABSIBAP- TS 100pF 220pF 330pF 
4001BT 0.32| 74151A 74LS162A 1.07 | 7415642.1 POA | 72НС534 EDI . Meere. uo Sealed Metal 4.60 (атор 100006 220001 
4002BT 0.22} 74153 090 | 745163 042 | 745643 poa | 74НС540 ТАНСТ221 0. 2.65|78м05 032| 20МАТТ Package HM48416AP-204.25 
40118T 0.32 74154 216 | 74LS163A 0.47 | 74.5644 РОА 


1 3300pF 4700pF 
740654 060 | 74НСТ237 0. 0.80|78М05БА 0:36 | 7-5У to 75V нсмов Output |HY53C258L9-80 lioo 

4011UBTO32| 74455 0.81 | 7415164 7415645 1.12 | 74HC563 

401287 0.32 | 74157 0174 | 7415165 0.59 | 7415645-1 1.28 | 7980564 


74НСТ238 0. ; 1.38|78м12 0.32 | Price: £4.94 еа. ანნ 
{ .60 | 22000рЕ 33000pF 
74HCT240. 0. 092178128 ose] | 13.2mmsq HYS3C464LS-BO ნილი: 15р each 
аз м 74HCT241 0. 2|78M!3A 0.65 Pins spaced at 3.95 
74158 1.57 | 7415166 0.59 | 741564 
4015BT 0.84 | 74159 — 398 | 7415168 075 poten POR 74HCS73A 0.72 | 74НСТ242 0. н 0.92 |78м15 032) RECTIFIERS | comers of apinDIL_ |НҮВ511000-85 8.45 |47000pF 100000pF 
1.10|78805 0.48 Price: 18p each 
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KM44C256AZ- 10 6.95] 
М5М4464Р-15 
MK4116N-54 
MK4564N-15 
NMC3764N-15 
UPD41464C-12 


STATIC RAM 


2114-3L 


042 74605 оло | 74НСа015 1.07) 74HCT643 742175 076|74С158 5.82 


UPD4364C-15 












































MICROPROCESSOR 
& SUPPORT ICs 









100114DEC 7.40 
100141DC 9.80 
6303XP 8.76 
6321P 4.20 
63485CP32/sm 19.95 
63803XP 10.07 
6502 3.98 
6502A 5.40 
6520P 4.40 
6522 4.40 
6522A 5.26 
6551 4.43 
6551A 4.43 
65C02P2 5.84 
65С02Р3 6.98 
65С102Р2 7.00 
65С22Р2 4.80 
65С51Е-1 3.80 
65C51E-2 4.38 
68000P-10 6.98 
68000P-16 18.20 
68000P-8 6.50 
68008Р-8 7.85 
68010Р-12 РОА 
6802P 3.40 
6803AP. POA 
6805E3E 10.98 
6810P POA 
6821P 1.52 
6840P 3.40 
6844P 17.20 
6845Р 4.86 
68455Р 5,40 
68A00P POA 
68A09P 4.30 
6ВА21Р 1.98 
68А40Р 2.56 
6BASOP 2.98 
68B09P 3.98 
68B21P 1.98 
68В40Р 2.98 
8080А 496 
8085AH-2 5.98 
8086 3.40 
8086-2 3.90 


80С286-12/рда 48.50 
80С286-8/рісс 24.40 


80C85A 4,95 
80C85A-2 5.94 
8118-5CH 7.60 
93L34DC 7.08 
AM25LS2568P 2.68 
АМ251$2569Р 2.68 
AM2602PC 2.30 
AM26LS31DC 2.30 
AM26LS31PC 1.26 
АМ275191АПС 10.20 
AM27S281PC 6.25 
AM2964BDC 12.36 
АМ29650С 6.36 
АМ2966РС 3.98 
AM29826DC 3.34 
AM685DL 9.82 
AMB238PC 5.60 
AMS9050CDC 4.95 
АМ9050СРС 4.60 
АМ9102СРС 2.82 
AM9114BDM 9.96 
АМ9551РС 9.66 
AM96LO2PC 3.35 
AY-5-8136 6.45 
AY-5-8136-006 6.45 
C1164/8MD 4.98 
C8231A 59.00 
C8253 3.60 
САВОС85В 5.98 
CD82C85 9.62 
CD82C86H-5 9.74 


CGB80C286-12 48.50 
CG80C286-16 65.00 


COM8136 6.45 
COMBIC17 8.15 
CP82C54 6.42 
CRT-8004-001 9.65 
CS8205 8.92 
D3232 5.60 
D8086 5.48 
D8086-2 8.80 
D8202A POA 
D8254-2 6.42 
D8284A 3.90 
D8288 6.48 
D82C284.12 9.60 
D82C284-8 7.85 
D82C288-10 10.96 
082С288-12 11.85 
082С288-8 9.36 
D8748H 9.95 
DM9601N 2.45 
DP8228N 6.36 
DP8238N 6.36 
DP8304BN 2.34 
DP8311N 6.54 
DS1221 6.44 
051231-20 4.44 
081232 3.26 
DS3486N 3.20 
053487М 3.20 
0534С86М 4.80 
DS34C87N 4.80 
DS3631N 3.33 
DS3632N 2.81 
DS3633N 3.33 
DS3634N 2.81 
DS3691N 4.96 
DS3862N 7.38 


055000-32-12 47.50 


DS8640N 1.20 
0$8820АМ 2.95 
DS8832N 2.68 
DS8836N 244 
DS8837N 2.40 
DS8838N 2.40 
EF6803A-1P 3.80 
EF6803P 3.80 
EF6821P 1.30 
EF68BO9P 3.18 
EF68B21P 1.44 
EP610PC-35 POA 












HD1-0165-5 
HD146818AP 
HD3-6402-9 
HD3-6440-9 
HD3-6495-9 
HD44883 
HD46505SP 
HD46802P 
HD6321P 
HD63485PS32 
HD63B03XP 
HD68000-8 
HD6845SP 
HD68A52P 
HD68B21P 
HI3-7159-5 
HI3-7159A-5 
HM10422 
1D82C86H 
IM6402AIPL 
IM6402IPL 
IM6403IPL. 
IMS2600P-15 
INS8250N 
INS8250N-B 
М5М82С51АР. 
M5M82C54P-6 


10.96 
4.20 
6.16 
8.89 
8.89 
9.52 
9.85 
5.50 
4.20 

32,50 

11.95 

11.59 
6.92 
5.60 
4.29 

20.98 

23.40 

14.30 

17.06 

10.20 
7.75 

10.80 
4.40 
7.80 
7.80 
4.20 
5.40 


MAB8031AH12P 4.56 
MAB8035HL-6P 5.98 


MC10103P 
MC10115L 
МС10115Р 
МС146805Е2Р 


1.98 
321 
1.98 
918 


MC68000P 12/16 POA 
MC68010P 10/12 POA 


MC6802P 247 
MC6809P 6.78 
MC6821P 1.80 
MC6840P 5.05 
MC6844P 18.40 
МС6845Р 7.38 
MC6850P 3.35 
MC68705R3P 25.35 
MC68A00P 7.02 
MC68A09P. 7.62 
MC8314P 6.60 
МСМ6810Р 3.00 
MCM68A10P 5.35 
MM53200N 3.40 
ММ581678М 10.64 
ММ58174АМ 14.80 
ММ58274СМ 9.18 
MSM5832RS 3.39 
MSMB80C35RS 4.90 
М5М80С39/5М06.45 
MSM80C85A 3.95 
MSMB0CB5A-2 5.98 
MSMB80C86 7.60 
М5М81С55 4.60 
MSMB2C51A 3.58 
MSMB2C53-2? 3.98 
М5М82С53-5 3.58 
М5М82С54-- 4.20 
MSMB2CS59A.2 3.98 
MSMB2CB4A 3.30 
MSMB82CB4A-2 3.60 
MSMB2C88 12.60 
N80C286-10/pl 24.50 
N80C286-12/pl 29.54 


N80L286-8C2/pl36.20 


NB235N 3.68 
N8264N 3.68 
N82S126AN 3.25 
М825181Ғ 10.04 
NS16450N 4.68 
NS16550AFN 12.60 
NSC800N-1 10.80 
P8032AH 4.29 
P8051AH 11.20 
P8052AH/Basic 23.45 
P8080A 3.90 
P8085A-2 5.98 
Р8085АН-2 5.98 
P8088 4.80 
P80C31BH 4.54 
PBOCBBAL-2 12.60 
Р8155Н/2 6.98 
P8185 18.10 
P8205 2.00 
P8212 240 
P8226 2.40 
PB251A 3.90 
P8253 2.80 
РВ255А-5 3.90 
Рв259 2.85 
P8259A 3.20 
P8274 9.98 
P8279-5 320 
P8282 2.64 
P8286 3.60 
P82C54 4.10 
P82C54-2 4.80 
PAL10L8CN 1.90 
PAL12H6CN 1.90 
PAL16R4BCN 2,17 
PAL20L10CNS 4.35 
PAL20X8CNS 3.32 
PALC16L8Q-25CQ 
6.10 
PALC20L8Z-45CQS 
5.17 
PALC22V10H-35QS 
8.34 
PCOB8584P 8.28 
PCF8566P 8.28 
PCF8566T 8.28 
PCF8570P 7.85 
PCF8573P 6.72 
PCF8574P 5.90 
PCF8574T 5.90 
PCF8591P 9.35 
R6502AP 5.70 
R6520P 440 
R6522 440 
R6522AP 5.80 
R65C02P2 5.84 
Н65С02Р3 6.90 
R65C02P4 8.95 
R65C102P2 6.85 
R65C21P2 5.94 
R65C22P2 4.80 
ЗАВВОСЗ2Р 5.95 





Please mention ELEKTOR ELECTRONICS when 


5АВ8155-Р 
SAB8259AP 
SAB82C54-2-P 


3.82 
3.59 
4.12 


SAB82C55A-2-P 4.80 
5С80С451ссп6413.60) 


SCN2661bc1n28 3.35 
5СМ2661ссп28 3.35 
РА(16Н4-15СМ 2.98 
TLI6C552FN 12.58 
ТМР7002М1-2 4.97 
ТМР8085АР-2 5.98 
TMS3477NL 6.68 
TMS3700NSB 878 
TMS3702ANS 878 
TMS3835ANS 7.55 
TMS77CO1NL 10.74 
TMS9900NL 24.40 
TMS9901NL 14.16 
TMS9902ANL 15.94 
TMS9914ANL 23.10 
TMS9928ANL 740 
TMS9995JDL 69.85 
UA9636ACP 1.98 
UA9637A 1.98 
UA9638CP 1.98 
UA9639CP 1,98 
UM6845B 4.95 
UM9151 POA 
UM9151-3 POA 
UPBB238 POA 
UPB8282C 4.98 
UPB8284AD 4.98 
UPBB286C 4.98 
UPD70108C-10 9.10 
UPD70108C-8 6.95 
UPD70116C-10 12.90 
UPD70116C-8 9.20 
UPD71055C 438 
UPD72001AC 11.68 
UPD7201C 6.80 
UPD765AC 542 
UPD765AC 542 
UPD780C-1 4.76 
UPD80C39HC 8.42 
UPD8155HD 5.84 
UPD8251AFC 4.08 
UPD8253C-2 3.32 
UPD8253C-5 3.32 
UPD8286C POA 
UPD8741AD 12,52 
UPD8749HC 13.98 
V20-10MHz 9.10 
V20-8MHz 6.95 
V30-10MHz 12.90 
V30-8MHz 9.20 
V61C30P 7.80 
VCO106N6 8.60 
20800110Р5С 16.90 
20868112PSC 3.20 
2180-МРО РОА 
28001В-СРО 11.96 
28018008VSC 8.25 
280А-СРУ 1:25 
280А-СТС 1.98 
Z80A-DART 3.15 
280А-ОМА 3.95 
280А-РІО 1.25 
Z80A-SIO/0 3.40 
Z80B-CPU 1.52 
Z80B-CTC 3.00 
Z80B-DART 5.80 
ZBOB-DMA POA 
Z80B-PIO 2.20 
Z80B-SIO 4.50 
280С00АВ6 2.98 
TELECOM & SPECIA! 
FUNCTION ICs 
62X0890-U18 3.70 
707VV02020 5.25 
733VV00124 5.25 
AMA1503GXB 4.68 
ВАА1505 1.80 
CLA25106/PLCC 5.95 
GAO5001GDB 3.20 
KS-49258/PLCC 5.92 
MJ1454BB 7.65 
MK5175N 3.80 
OC-147-7 2.40 
PBD352303 4.35 
PP34C108 6.80 
Q4704 3.60 
QMV16BP5 7.98 
QMV18C 6.95 
QMV18CN1 7.85 
QMV18CW1 7.85 
QMV25C 8.42 
QMV62AW1 6.90 
$4534.AMI 4.20 
SA336931 2.95 
SAA5025D 5.40 
SCM66115P 3.40 
SGS7P050 455 
SP1450B 5.76 
ULATRBO?9E! 6.80 
ULA20RKO008E159.72 
XR-T5683 3.60 
ZNAZLO29J-BS 3.80 
ZNPCM1J-BS 8.95 
OPTO 
ELECTRONICS 
4N25 0.60 
4N26 0.60 
4N33 0.40 
4N38 0.56 
6N139 1.60 
CNX36 0.38 
CNY17-3 0.64 
CNY21N POA 
0208 0.40 
HCPL-2200 5.98 
HCPL-2231 5.98 
HCPL-2602 568 
HCPL-2630 3.68 
HCPL-2730 3.45 
HCPL-2731 3.20 
НСРЕ-4200 5.98 
ILD74 1.44 
паї 1.60 
1074 2.25 
18074 2.25 
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PLEASE PHONE/WRITE FOR ITEMS NOT LISTED 


TIL100 1.98 
TIL111 0.60 
TIL113 0.60 
TIL117 0.85 
TIL119 1.20 
TIL311 9.65 
TLP504A 1.58 
TLP521-4GB 4.20 
TORX173 4.96 
TOTX173 4.96 
3630BM/BB 3.40 
49620/BB POA 
555-TIMER 0.20 
6341-1) POA 
741-OPAMP 9.18 
ADOPO7CN 214 
AD520JN POA 
AD524 21.52 
AD534JH POA 
AD537JH POA 
AD548JN 1.80 
AD578JN POA 
AD581JH 8.92 
AD581KCSA/SMD9.97| 
AD585AQ POA 
AD592CN POA 
AD594AD 12.64 
AD595AD 10.20 
AD64BJN 3.40 
AD707JN 3.40 
ADT11JN 2.34 
AD712JN 3.72 
AD7245JN/KN РОА 
AD741KN 3.69 
AD7523KN 9.80 
AD7537JN 32.98 
AD7537LN POA 
AD7542KN POA 
AD7543JCWE POA 
AD7578KN 46.15 
AD844AN 8.75 
ADCOBO4LCN 4.20 
ADCO820CCN 22.40 
ADCO834CCN 10.80 
ADC804LCWM 12.10 
ADC84KG-10 12.66 
ADC908HP 18.42 
ADDACBON POA 
ADG201AKN 4.86 
ADOPO7CN 2.32 
AHO015CD. 1720 
AY-3-1270 3.60 
АУ.5-1013 3.20 
AY-5-1013A 5.24 
AY-3-1015D. 3.60 
AY-5-1250 POA 
AY-5-3600-PRO 9.96 
ВА6109 1.68 
ВА6208 1.40 
САЗ046 0.51 
CA3046(SMD) 0.89 
САЗ054 0.94 
САЗ059 1.20 
САЗ078АТ 2.42 
САЗ079 0.88 
САЗ080Е 070 
САЗ081 0.96 
CA3089E 1.22 
CA3094AE 2.16 
CA3098AE 3.48 
CA3096CE 1.82 
CA3097E 2.60 
САЗ120Е РОА 
CA3130BT 19.20 
-CA3130E 1.10 
CA3140AE 1.34 
CA3140E 0.44 
CA3146E 0.90 
CA3160E 1.25 
CA3240E 0.98 
CA3240E1 216 
САЗ24Е 0.98 
CA3260E 1.68 
САЗ280АЕ 5.94 
CA3280E 3.42 
СА555СЕ 0.20 
СА741СЕ 018 
CS5503-KD POA 
CX7925B POA 
D168CJ POA 
DACOBOOLON 4.10 
DACOB832LON 10.67 
DACOBCP 2.60 
ОАСОВЕР 3.64 
DAC1008LCN 10.73 
DAC1222LCN 20.40 
DG201ABK 3.83 
00211 1.56 
06508 АС 3.98 
DG508CJ 3.25 
DS1488N 0.36 
DS14C88M/SMD 1.65 
DS14C88N 1.65 
DS14C89AN 1.65 
HA12017 1.44 
HA13426 11.96 
HA17723 140 
HD75189P POA 
HEF4754V 22.20 
НІ1-0201-5 3.60 
НІ1-50ВА-5 11.21 
Hi1-549-5 POA 
HI1-574AKD-5 42.50 
HI3-0201-5 3.20 
HI3-0509A-5 7.15 
HI3-201-5 3.20 
HIIL1 POA 
HS574-AK 18.20 
ICL7104-16CPL 26.08 
ICL7107CQH/PLCC 
520 
ICL7109CPL 9.85 
ICL7116CPL 6.74 
ICL7117CPL 6.74 
ICL7126CPL 6.74 
ICL7135CPI 8.98 
ICL7136CPL 6.94 
ICL7137CPL 6.94 
ICL7606CJN 12.24 





ICL7611DCPA 
ICL7621DCPA 
ICL7622 
ICL7650CPD 
ICL7650SCPD. 
ICL7652BCPD 
ICL7652CPD 
ICL7660CPA 
ІСІ 76605СРА 
ICL7662CPA 
ICL7663BCJA 
ICL7663BCPA 
ICL7664CPA 
ICL7665ACPA 
ICL7673CPA 
ICL8052ACPD 
ICL8068AJD. 


1.32 
1.98 
POA 
4.98 
6.27 
8.24 
8.24 
1.40 
3.80 
4.40 
678 
510 
7.95 
4,98 
1.38 
8.73 
11.38 


ІСІ 8069СС50 3.75 
ICL8069DCSQ 2.88 


ICL8069DCZR 2.88 
ICL8211CPA 256 
ICLB212CPA 2.48 
ICM7170IPG 6.42 
ICM7207AIPD 6.42 
ICM7207IPD 6.42 
ICM7209IPA 3.75 
ICM7211AMIPL 4.68 
ICM7211MIPL 4.68 
ICM7212AMIPL 3.88 
ICM7213IPD 4.58 
ICM7216AIJI 22.44 
ICM7217AIP| 9.20 
ICM7217BIJI 10.42 
ICM7217J| 10.42 
ICM7218AIJI 6.85 
ICM7218AIP) 6.85 
ICM7218DIJI 6.85 
ICM7218EIJL 14.76 
ICM7224IPL 8.98 
ICM7226AIJL 26.12 
ICM7226BIPL 23.54 
ICM7249IDM РОА 
ICM7555IBA 240 
ІСМ7555ІРА 9.84 
ICM75561PD 1.85 
IM6403IPL 10.80 
L272 2.10 
L272M 2.10 
1293Е 3.90 
L297A 4.69 
L4805CV 2.20 
L487 3.15 
L4960 3.15 
(7028 2.94 
LA6250 POA 
LA6358 POA 
LA6510 POA 
LA6520 POA 
LC7132 POA 
LC7522 POA 
LC7555 POA 
LD111ACJ POA 
LF13508D 18.20 
LF311H 10.80 
LF347N 2.40 
LF351N 0.98 
LF353N 0.86 
LF355N 1.82 
LF356N 1.82 
LF3578N 4.98 
LF357M/SMD 4.98 
LF357N 1.20 
LF398N 3.98 
LF411CN 1.48 
LF412CN 1.98 
LF441CN 0.75 
LF442CN 0.99 
1Ғ444СМ 2.71 
LHOO02CN 10.80 
LHOO32CG 33.60 
LM101AH 5.65 
LM10CN 924 
LM111H 6.74 
LM13600N 3.40 
LM13700N 3.40 
LM1391N 340 
LM139J 6.60 
LM1458N 0.82 
LM1496N 2.95 
LM1801N 7.92 
LM1881N 4.80 
LM1889N 7.40 
LM1894N 4.16 
LM218H 15.75 
LM239N 3.90 
LM2901N 1.25 
LM2903N 1.25 
LM2904N 1.25 
LM2917N-14 610 
LM2917N-8 5.80 
LM2940CT15 2.95 
LM2940CT5 2.50 
LM2984CT 7.50 
LM301AN 0.36 
LM307N 1.39 
LM308N 1.65 
LM310N 2.98 
LM311N 0.64 
LM311N-14 2.15 
LM312H 8.95 
LM317AT 2.60 
LM317T 0.52 
LM317T-SGS 0.52 
LM318N 2.98 
LM319N 2.84 
LM320L2-12 034 
LM324AN 3.66 
LM324J 2.47 
LM324N 0.64 
LM325N 9.40 
LM3301N 2.60 
LM334Z 2.20 
LM3352 2,48 
LM3367-2.5 1.48 
LM3367-5.0 1.48 
LM337T 115 
LM339AN 2.98 
LM339N 0.60 
LM340AT12 1.98 
LM340T-5 0.48 
LM340T12 0.48 
LM340T15 0.30 





LM340TS 0.30 
LM343H 8.80 
LM346N 3.96 
LM348DP 0.40 
LM348N 0.40 
LM350T 6.85 
LM351N 2.60 
LM358N 0.32 
LM359N 4.68 
LM360H 476 
LM361M/SMD 6.40 
LM363H-100 16.50 
LM3690N 3.82 
LM369DRC 3.70 
LM380N 1.20 
LM381AN 7.88 
LM3852-1.2 2.20 
LM385Z-2.5 2.20 
LM386M-1/SMD 1.65 
LM386N-1 1.40 
LM386N-3 1.80 
LM386N-4 2.60 
LM387AN 5.90 
LM388N-1 4.25 
LM389N 3.40 
LM3900N 1.60 
LM3909N 2.64 
LM3914N 440 
LM393N 0.30 
LM393P 0.30 
LM394CN 5.98 
1М39992 2.76 
LM399H 7.85 
LM4250J 11.82 
LM555CN 0.28 
LM565CN 7.48 
LM710CH 2.80 
LM723CH 2.80 
LM723CN 0.70 
LM733CN 2.65 
LM741CJ-14 2.20 
LM741CN 0.45 
LM747CH 2.40 
LM747CN 0.90 
LM78GCP 2.40 
LM79GCP 2.40 
LM833N 2.82 
LS285AB 2.40 
LS288B 3.60 
LS7210 4.40 
LT1005CNB 2.72 
LT1010CT 4.58 
LT1028CN8 7.32 
LT1032CN 4.70 
LT1070CT 9.14 
LT1083CP 8.82 
LT1086CT 2.90 
LTC1052 7.97 
LTCA485CNB 2.16 
LTC490 4.40 
M5218AL POA 
M5220 POA 
M5238L POA 
М5298Р РОА 
М70681 1.25 
MAX1232CNG POA 
МАХ1232СРА 3.57 
МАХ1259СРЕ РОА 
MAX162ACNG POA 
MAX232ACPE 4.84 
MAX232CPE 2.80 
MAX232EWE 3.80 
MAX232N 2.80 
MAX280CPA 6.94 
MAX452CPA 5.38 
МАХ627СРА 298 
MAX660CPA 572 
MAX690ACPA 6.58 
MAX694CPA POA 
MAX697CPE POA 
MAX7219CNG 7.15 
MAXB211CPA 2.28 
МАХ9ОТВСРЕ РОА 
МС1377Р 4.93 
МС1413Р 0.74 
МС14411Р 11.38 
MC14416L 17.60 
МС14495Р 4.82 
МС145406Р 210 
МС1455Р 0.40 
МС1455Р1 0.60 
МС1458Р 0.32 
MC1488L 2.40 
MC1488P. 0.38 
MC1489A 0.80 
MC1489AL 2.25 
MC1489AN 0.80 
MC1489L 2.20 
МС1489Р 0.38 
MC1496N 2.20 
MC1558L 3.32 
MC1648P. 1240 
MC1658P 12.78 
MC1709CPI 1.20 
МС1723СР 1.20 
МС1741СР 0.45 
MC3242AP 7.54 
MC3301P 0.88 
MC3302P 0.60 
MC3340P 1.60 
MC3357P 3.20 
MC3403P 1.40 
МС3446АР 6.75 
MC3479P 7.92 
MC3523U 5.80 
MC4024P 12.78 
MCT2 0.84 
MCT61 1.18 
MF10CCN 8.95 
ML924 4.90 
ММ5309М 5.76 
MM53105N 4.98 
ММ80С95М 1.44 
МР7570/0 РОА 
MUX24EQ 9.60 
MUX24FP 9.60 
MV500DP 3.05 
МУ6010Р 3.36 
MV8870DP 5,52 
МЕ5020М 10.84 
МЕ527М 371 
NES32N 0.60 





NES36H 
NES530N 
МЕ5532АМ 
МЕ5532М 
МЕ5534АМ 
МЕ555М 
МЕ556/5М0 
МЕ556М 
МЕ558М 
NES64N 
NE565N 
МЕ567М 
МЕ568М 
МЕ570М 
МЕ571М 
МЕ589М 
МЕ592/5М0 
NE592N 
NE592N14 
NE602AN 
NE602N 
NE604AN 
NE605N 
NE612AN 
NJM4556D 
NJM4558DX 
OP07CJ 
OPO7CN 
OPO7CP 
OPO7EP 
OP11GP 
OP177FP 
OP27GP 
OPa2FZ 
OP77GP 
OPO7CN 
PM7548HP 
RC4136N 
RC4193N 
RC4194N 
RC4207GN 
RC4556 
RC4558P 
REFOICP 
ВЕРОТНР 
REFO2CP 
REFO3GP 
REF25Z 
52560А 
SAA1027 
SAA1043P 
SAA3049P 
SAA5025D 
SAA6002A 
SAS560S 
SEO2000FVA 
SFC2301ADC 
SFC2741DC 
SG3524N 
SI7660CJ 
SL1452 
SL2364C 
5131178 
SL486DP 
SL490DP 
SLS60CDP 
SL6270CDP 
SL6700CDP 
5М5281СМ 
SN55451BJG 
$0612 
SP16480G 
SP4534 
SP47400P 
SP8629DP 
SP8660DP 
ТА7215Р 
ТА7256Р 
TA7368P 
TA7658P 
TA78005AP 
ТА8200АН 
ТА8410К 
ТАВА49Р 
TAB659AN 
TAAB61A 
TBA120S 
ТВА2408 
ТВА570 
ТВА820МТ 
ТВА920 
ТВА990 
ТС91068ВР 
TCA335A 
ТСА965 
ТСМ1520АР 
ТСМ1531Р 
ТСМ1705АМ 
TCM3105N 
TCM5087N 
ТСМ5089М 
TDA1083 
TDA1085A 
TDA1085C 
TDA1151 
TDA1170S 
TDA1515A 
TDA1521A 
TDA1576 
TDA1578A 
TDA2595 
TDA3048N 
TDA3505 
TDA3810 
104440 
TDA4510 
TDA4563 
TDA4660 
TDA7010T 
TDA7052 
ТОА8702 
ТЕА1045 
ТЕА1060 
ТЕА5620 
TIPC2801KV 
TLO26CP 
TLO62CN 
TLO62CP 
TLOB4CD 
TLOG4CN 
TLO641D/SMD 
TLO71ACP 


4.90 
3.82 
1.58 
0.80 
1.80 
0.20 
0.70 
0.38 
228 
342 
2.94 
0.65 
POA 
4.60 
3.40 
4.25 
3.80 
1.40 
0.92 
2.98 
2.40 
8.24 
8.60 
2.87 
1.20 
1.20 
3.60 
0.95 
0.95 
3.10 
5.85 
371 
289 
7.44 
207 
0.95 
18.20 
0.98 
POA 
2.85 
192 
090 
0.60 
3.33 
3.33 
3.98 
3.69 
1.12 
РОА 
6.51 
7.98 
9.92 
7.65 
10.80 
3.40 
3.60 
6.78 
0.18 
4.60 
1.92 
6.75 
3.97 
РОА 
2.98 
2.80 
3.00 
3.30 
5.47 
POA 
POA 
0.20 
5.53 
POA 
4.46 
3.44 
4.96 
7.20 
2.60 
POA 
POA 
POA 
POA 
2.80 
РОА 
РОА 
РОА 
0.60 


РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 
РОА 


РОА 


PLEASE SEE PREVIOUS ISSUES FOR OTHER ITEMS & FEB/MAR 1992 ISSUES FOR LEDs, 


VIEWCOM ELECTRONICS 


77 UPPERTON ROAD WEST 
PLAISTOW, LONDON E13 9LT 


contacting advertisers 
























N.B. All prices are subject to change without notice & stock availability. 





DISPLAYS & RELAYS. 


PLEASE ADD £1.10 P & P and then 17.5% VAT. OFFICIAL ORDERS from Govt. & Educational Establish- 
ments are accepted. VAT at 17.5% is chrageable to all orders received from EC Member Countries unless 
VAT Number is quoted. OVERSEAS orders, postage AIR/SURFACE will be charged at cost. VAT is not 
applicable for EXPORT orders from Non-EC Member Countries. Stock items by return of post. 


Retail Shop: 139, New City Road, Plaistow, London E13 9PX 


TLO71CP 0.64 BC182 0.08 |BFW10 1.20 
TLOZ2ACP (გ [S5107 1.02 |ВСІВ2А 0.08 | Вғхав 0.49 
TLO72CN 0.50 | 75107А 102 |ВС182В 0.08 |BFX85 0.59 
TLO72CP 050 | 75108 тво |8C182L 0.08 | вехвв 0.30 
ТІ074АСЫ 2.85 |75:08A 184 |8C182LB 0.08 |BFX89 1.59 
TLO74CN 0.84 | 54088 208 |BC183 0.08 | 86V50 0.34 
TLOBICP 048 |75109А 246 |BC183C 0.08 | BFYs2 0.34 
TLOB2CP 048 | 75110A 126 |BC183L 0.08 | BFY90 0.92 
TLOB4CN 048 | 75113 302 |BC184 0.08 | 8§107 0.28 
TL27L2CD/SMD 1.98 | 75544 3.04 |8C1848 0.08 | 85170 0.38 
TLAS7ACN 3.44 | 55115 160 |8C184L 0.08 89250 0.52 
TLS07CP 403 |5146 330 |BC184LC 0.06 |BSR60 0.48 
TL7702ACP 2.04 | 55.454 260 |BC212-18 0.08 |BSX20 0.38 
TL7705ACP 2.04 |75122 РОА |ВС212А 0.08 | 85X21 0.48 
TL7705CP 2.04 | 75436 зло  |8С2128 0.08 |BSX61 1.85 
TL7709ACP 204 | 75138 440 |BC212L 0.08 | ВТ136-600 1.10 
TL7770-8C 3.82 | 75140 265 |ВС2121В 0.08 | BUW46 4.94 
TL7B3CKC 510 | 75150 160 |BC213 0.08 |В0211 1.60 
TLO22001CP 3.74 | 251504 265 |BC213L 0.08 | Вита 1.62 
TLC2274CN 285 |7549 636 |8С214 0.08 |В0247А 6.90 
TLC251CP 2,54 |55154 175 |BC214L 0.11 |ІВЕ214 1.14 
TLC2652CP 492 |75154M 175 |BC237 0.08 |ІНҒ220 177 
TLC2654CP 484 |32425 120 |BC239 032 |Jt13 0.39 
TLC271CP 0.84 | 55107 440 |BC307 0.08 |175 0.68 
TLC272CP 130 | 75159 545 |80327 0.08 |2270 092 
TLC274CN 2.40 | 35160A 595 |BC328 0.08 | JATO1 0.48 
TLC339CN 198 751614 647 |ВС337 0.08 |MBD501 1.10 
TLC372CP 1.40 | 75162A 759 |BC337-25 0.08 | MJE13070 1.10 
TLCS8!CP 3468 | 726 368 |ВС489 0.24 | MJE340 0.68 
TLCS55CP 065 | 55173 368 |ВС490 0.30 | MJE350 110 
TLC556CN 1.58 | 76174 320 |BC516 0.22 | MJES20 0.80 
TLC7S24CN 524 | 751746 368 |BC517 0.20 |МР53638 0.18 
TLE2061CP 220 | 75175 260 |ВС546 0.05 |MPSA06 0.12 
TLE2062CP 240 | 75176А 160 |ВС546А 0.05 |MPSA13 0.12 
TLE2064CN 3.45 | 751768 228 |8С5468 0.05 |MPSA63 0.32 
TLE2161CP 242 | 75176ВТ 498 |ВС547 0.08 |MPSA92 0.24 
TMS3477NL 596 | 75477 260 |BC547A 0.08 |MPSUOS 221 
TPIC2406NE — 7.14 | 2178 260 |805478 оов |MTPBPOB 280 
TPIC2B02KV 8.40 | 75182 260 |BC547C 0.08 | 0C147 1.80 
TPICG259N 328 | 75183 2.60 |BC548 0.08 |OC19 1.85 
TPIC6272N 3.28 | 75488 040 |BC548B 0.08 |OC45 0.65 
TPIC6595N 3.28 | 75169 085 |8С549 0.08 |OC72 0.80 
TSC426CPA РОА |35189A 085 |BC549B 0.08 |OC78 0.80 
15С500СРЕ РОА | 7536} 2.84 |BC550 0.08 | OCB1M 0.80 
TSC7106CPL 6.81 | 75365 272 |ВС5508 0.08 |0С812 0.92 
TSC7116CPL 525 | 35437A 326 |BC550C 0.08 | PN3643 0.18 
TSC7126CPL 535 | 754505 064 |ВС556 0.08 | TIC106M 078 
TSC7660CPA 140 | 79451 028 |BC556A 0.08 | ТІСР2060 0.61 
U1096B 492 | 754515 0.48 |BC556B 0.08 |ТІСУ1060 024 
U2066B 2.64 | 75462 028 |BC557 0.08 |ТІР115 0.55 
U2400B 5.50 75452 048 |BC557B 0.08 |TIP121 0.68 
U664B 3.95 | 75453 064 |BC558 0.08 | TIP145 137 
UA2240PC — 1.40 | 354538 064 |BC558A 0.08 |ТІР2955 0.88 
UA709CP 085 | 75454 064 |ВС558В 0.08 | TIP30 0.48 
UA709PC 0.85 | 754548 098 |BC559A 0.08 |TIP3055 0.88 
ША?15НС 4.50 | 75462 0.98 | 8C5598 0.08 | TIP31A 0.38 
UA723CP 0.70 | 75463 110 |8С560А 0.08 |TIP32A 0.40 
UAT33CJ 2.98 | 75468 3.60 |BC560C 0.08 | TIP47 0.80 
UATATMP 0.60 | 75469 130 |BC184C 0.08 |V275LA10 0.92 
UA741TC 028 | 35470 РОА |BCY71 0.22 | VNo104N3 0.92 
UA748CP 036 | 75471 168 |80131 0.88 | VNGGAFD 1.40 
UA748TC 052 | 25472 148 |80135 0.44 | VNSOAB 2.96 
UAT7000UIC РОА | 72473 148 |BD241A 0.98 |VPO104-N3 092 
UA79BTC 3.80 | 75474 225 |В0242С 0.52 | VPO104N2 0.98 
UCN5S800A 240 | 35477 210 |80243 0.50 | VPO104N3 0.92 
UCNSBOIA 2.60 | 33491 068 |80516 0.78 |zTX212 0.18 
UDN2981A 200 | 55 si76 288 |BD675 0.52 |zTx237 0.26 
UDN2982A 200 |;sa[s192 288 |BD676 0.52 |2ТХ300 0.18 
UDN6118A 1.65 75415193) — 322 |80679 0.54 ZTX313L 0.28 
UGN3501M РОА | 3501154 288 |BD680 0.56 |ZTX320 0.38 
nA 04 7524406 273 |BD743C 1.90 |ZTX510 ола 
9 BDT85 1.12 
ULN2003AN — 0.44 e => 120. |86X676 278 IC SOCKETS 
Ш.М2004АМ — 140 | 75C189A 132 |В0Ү96 3.60 LOW PROFILE 
ULN2024A 140 | 7501g9AD 1.32 |ВҒ195-С 0.08 
ULN2O32A — 140 | /50189А 28% |86199 022 | №. Pin Gold Tin Gold 
ULN2803AN — 0.84 E ADS 016 |04 spacTurn эф sldr 
ОМ5100 ғол TRANSISTORS ვ озв | Pins-ing Pin Тай Tail 
UM5101 3.80 THYRISTORS BF256C 038 | 6 03 18р 6p 18р 
XR22131CP РОА & TRIACS BF259 0.40 | 8 03 18р 6p 18р 
ХТВІЛОКР 9.95 BF324 0.28 | 14 03 Зір 8р 310 
dem 460 |40406 160 a^. 012 | 16 03 33р 10р 33р 
251445 Poa |40673 240 |550 020 | 18 03 390 110 39p 
ZN414Z 1.04 |8C107#/6 017 |і 022 | 20 03 45p 12р 46р 
ZNA15E тва |ВС1ОВАВС 0.17 ცე 016 | 22 03 бар 14р 
2N423 220 |ВС1098/С 0.18 | вруво 026 | 24 03 54р 14р 
ING25E-8 597 |ВС140-16 048 ცენ) 066 | 24 06 54р 14р 
7M426C-8 368 |8C146/01 058 |вровт 0.90 | 28 0.6 60p 16р 
ZNA28E.8 695 |8C149 040 |вров 088 | 32 06 б5р 22р 
ZN429E-8 264 |BC157 034 ციცი 179 | 40 0.6 70р 22р 
ZNa49E 476 |BC158 034 |aracaoaHz 046 | 48 06 85р 
BC169C 0.14 ცნ89).56M> ogo | 64 075260p 
8C179 924 |веротАвОН; 120 | 64 09 260p 
MOTHER BOARDS - VESA LOCAL BUS (Without CPU & DRAM) 
Processor Chip BIOS Cache Max Expansion BoardSize Рігсе 
intel Set RAM Memory Slots in mm £p 
80486SX/DX/DX2 SIS AMI 128K 32MB PRIGIAT),2x32(VESA} 260x220 12000 
804869X/DX/DX2 SIS AMI 256K 32MB —7x16(AT),2x32(VESA) 260x220 12900 
MICROPROCESSORS CO-PROCESSORS 
80286-16MHz INTEL £65.00 80287-8 INTEL $40.00 
803860X-40MHz АМО £75.00 80287-10 INTEL £48.00 
80486SX-25MHz INTEL £115.00 — 80287-XL INTEL £62.00 
80486DX-33MHz — INTEL £245.00  80387DX.33MHz INTEL £62.00 
80486DX-50MHz INTEL £350.00 MEMORIES 
80486DX2-66MHz INTEL £390.00 §IVM iMxox9 CHIP70ns РОА, 
CONNER HARD DISK DRIVES SIMM 1Mx9x3 CHIP7Ons РОА, 
CP-30174 170MB — 19msec3.5"LP  f16500 ЗММ 4MX9X9 CHIP70ns РОЛ 
CP-30254 250MB — 15msec3s"LP 021200 SIMM 4Mx9x3 CHIP7Ons РОА 
р IMM 256Kx9 CHIP 8Ons РО.А, 
CP-30344 340MB — 13msec35' LP £290.00 9 
SOFTWARE 
FLOPPY DISK DRIVES MICROSOFT ORIGINAL 
ALPS БЕК 72326 LAMB XS" an n WINDOWS 3.1 £65.00 
TEAC FD-235HF 1.44MB Э.5' £30.00 
TEAC FD-55GFR 1.2МВ 5,25" £35.00 IMPORTANT 
MITSUBISHI MF355C/258MG 1.44MB 3.5" £29.00 All prices quoted are 
MITSUBISHI МЕ504С/318МР 1.2MB 5.25" £35.00 Excluding V.A.T. 
GRAPHIC CARDS Postage & Packing 
CIRRUS 5425 (IVMII VL-BUS Window Acc. W IMB E7500 Charge of £3.00 is 
TRIDENT ТУСА 8900CL Мем Trident 1MB SVGA£40.00 | applicable to all goods 
TSENGLAB ЕТ-4000 1MB SVGA £60.00 under the heading of 
KEYBOARD & MICE 'Personal Computer 
BTC 7849А 102 UK KeyBoard, Regular Size£24.00 Hateware & Software’, 
IMSI SYSTEM MOUSE 3 Button Serial £10.00 ია” 
Znix 3 BUTTON MOUSE MS COMPATIBLE I Postage & Packing will 
V0 CARDS be charged at cost for 
IDE р წ ? all destinations outside 
2HD/2FD/28/1P/1G with cables £15.00 | е United Kingdom. 














RS232 SPEEDOMETER 


Serial ports are frequently used for long-distance 
communication between computer equipment. The speed at 
which data is conveyed on such a link is called the baud rate, a 
figure indicating the number of bits transmitted per second. 
Unfortunately, in practice there are often gross differences 
between the programmed and the actually achieved data 
speed. The circuit described here measures the actual speed of 


RS232 data. 





”" 








Design by 0. van de Vliet 


WO interfaces may be found оп vir- 

tually any computer: the parallel 
Centronics interface, and the serial 
RS232 interface. These two communi- 
cation ports allow the computer to ex- 
change data with peripheral devices 
and/or other computers. The big ad- 
vantage of the parallel port is the rela- 
tively high speed at which data may be 
transmitted. A single write command 


to this port is sufficient to transmit 
eight databits at a time. On the down 
side, the parallel port requires a large 
number of wires. Apart from the eight 
data lines there are at least two control 
lines, and a ground line. That is 
11 lines for a minimum configuration. 
When the parallel link is relatively 
long, crosstalk between the individual 
lines increases, but may be suppressed 





MAIN SPECIFICATIONS 


Baudrate: 
Compatible: 
Connection: 
Signal line: 
Measurement: 
Display: 
Readout: 

Data format: 


300 to 19,200 bits per second 

with any RS232 interface 

inserted into link between equipment 
RxD or TxD; selection via jumper 
exact data speed 

four 7-segment LED displays 
datawords per second 

all existing formats supported 


_-----3______-__- 


to some extent by adding a screen 
around every signal line. All in all, a lot 
of copper wires are required to set up a 
reliably operating parallel connection. 
The parallel port is, therefore, less 
suitable for long-distance communica- 
tion. 

The second interface is the serial 
RS232 port, which transmits one bit at 
a time. In principle, two wires, a signal 
wire and a ground wire, are sufficient 
to set up a fast and reliable data con- 
nection. A disadvantage of the serial 
port is that quite a few control signals 
are required to prevent data being lost. 
Essentially, two solutions are available 
to implement handshaking between 
the sending and the receiving device: 
hardware (RTS/CTS) апа software 
(XON/XOFF, EOT/ACK, and others). 
Hardware handshaking is fast but 
needs a minimum of two extra wires. 
The software solution does not need 
extra wires, but slows down the com- 
munication because control сот- 
mands are inserted between the data 
signals. Fortunately, a serial link with 
hardware handshaking has fewer wires 
than a parallel link. 


Serial it will be 


Once it has been decided to use serial 
communication between two computer 
devices, it is necessary to agree on a 
number of transmission parameters 
which apply to the transmitter and the 
receiver. Apart from the transmission 
speed (baud rate), the error checking 
method (parity bit) and the number of 
stop bits have to be made identical at 
both ends of the serial link. Normally, 
a start and a stop bit are appended to 
the eight databits, so that a serial word 
consists of 10 bits. The parity bit is 
rarely used these days. In the excep- 
tional case of two stop bits and a parity 
bit being added, the serial word con- 
sists of 12 bits. 

Figure 1 shows the structure of 10- 
bit and 12-bit serial words. The num- 
bers 10 and 12 are essential when 
determining the effective speed of a se- 
rial link. At a baud rate of 1,200, the 
maximum number of 10-bit words that 
can be transmitted per second is 120, 
or 100 if 12-bit words are used. 

The baud rate selection depends on 
a number of factors. If the computer 
communicates with a peripheral which 
is located nearby, a high baudrate, for 
instance, 19.2 kbit/s, may be used. If, 
on the other hand, a very long cable is 
used, a lower speed has to be chosen to 
enable the negative effects of stray ca- 
pacitance introduced by the cable to be 
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data bits 
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start bit 
(10 bit) 


min. word length at 8 data bits 
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parity bit 1 stop bit 


(12 bit) 





max. word length at 8 data bits 
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Fig. 1. Structure of 10-bit (left) and 12-bit (right) serial words. Words consist of databits, a start bit, a parity bit, and one or two stop bits. 


suppressed. 

Note that so far we have only been 
discussing the actual speed of the in- 
terface. By using data compression al- 
gorithms, the effective speed of a serial 
link can be boosted considerably. As a 
result of compression techniques, each 
bit conveyed via the cable is given a 
certain ‘added value’. 


The exact speed 


As already noted, the speed at which a 
serial link is to operate is determined 
to a large extent by the baudrate. There 
are, however, other factors that deter- 
mine the communication speed. Both 
at the transmitter and the receiver end 


BAUDRATE: 


of the cable, a microprocessor often 
needs time to do a lot of calculations 
before it is able to transmit or receive a 
byte. Obviously, this is a slowing-down 
factor, particularly if the calculations 
are complex, and no buffering is imple- 
mented. The delay is caused by the 
handshaking protocol, which halts the 
communication for the time needed by 
the microprocessor to do its number 
crunching. Consequently, the serial 
link is much slower than one would ex- 
pect from the baud rate set on the 
transmitter and the receiver. 
Equipment fitted with data buffers 
is less affected by delays because the 
data flow can be maintained while the 
processor is busy calculating. Unfor- 


tunately it is not always evident if such 
a buffer is present inside a certain pe- 
ripheral, so that the actual data speed 
achieved on a data link can only be 
measured by а special instrument. 
Such an instrument is described here. 


The circuit 


The circuit diagram of the RS232 
speedometer is given in Fig. 2. The 
heart of the circuit is formed by a 
UART (universal asynchronous re- 
ceiver/transmitter), ІСз, а type 
COM8017 ог AY3-1015. This ІС is са- 
pable of converting parallel data into 
serial, and vice versa. To be able to do 
this, the UART only requires a clock 
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Fig. 2. Circuit diagram of the RS232 speedometer. Most of the work is done by а UART type COM8017. 
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12 COMPUTERS AND MICROPROCESSORS 


signal which determines the bit speed. 
Only a small section of the UART is 
used in the present circuit. None the 
less, the approach is economical, since 
a discrete circuit capable of doing ser- 
ial-to-parallel conversion with checks 
on stop bits and parity would be more 
expensive. The non-used inputs of the 
UART have been made inactive. 

The UART is reset by network В2-Сз. 
Behind it sits a display circuit built 
with a Harris Semiconductor type 
ICM7217A, ІС, and four Siemens LED 
displays type HD1107. Every time the 
UART receives a valid word, its DAV 
(data available) output supplies a posi- 
tive pulse transition (rising edge) which 
causes the contents of the counter 
contained in ICg to be increased by 
one. What remains to be done at this 





са 7 
0|000|00000 


stage is to set up a time slot within 
which the number of DAV pulses is 
counted. Fortunately, that is not a 
problem because the circuit contains a 
baudrate generator which can also be 
used to create a suitable timing signal 
for the counter. 

The oscillator built around quartz 
crystal X; operates at a frequency of 
4.91 MHz. To obtain the desired clock 
signals, the 4.91-MHz clock is fed to 
the cascade of divide-by-two ripple 
counters contained in IC). 

The desired baudrate is selected 
with the aid of switches contained in 
S,. The UART expects a clock fre- 
quency which equals 16 times the 
baudrate on the serial link. Hence, 
output Q13 of IC, (pin 3) supplies a 
signal with a frequency of 300 Hz 


930119 


n 


di 





Fig. 3. Artwork of the printed circuit board designed for the RS232 speedometer (PCB not 
available through the Readers Services). 


(4.9152 MHz/2!?). The 300-Hz signal 
is divided by 300 with the aid of a 
bistable wired as a divide-by-two scaler 
(IC44), and a presettable counter (ICs). 
The result is a 1-Hz signal at pin 14 of 
ICs. 

The combination of the counter, the 
display. and the 1-Hz reference signal 
allows the number of DAV pulses that 
occur within one second to be readily 
measured, so that the exact number of 
data words conveyed via the serial link 
in one second is accurately known. 

The circuit uses two steps to store 
the counter information. First, the neg- 
ative-going edge of the STORE signal 
(ICs ріп 14) is used to copy the counter 
contents into an output register, and 
from there to the display. Next, a reset 
signal (IC4», pin 12) resets the counter 
іп ICs. Bistable IC4, is wired to operate 
as a monostable multivibrator (MMV). 
It generates a reset signal on the posi- 
tive-going signal edge that appears at 
the output of ICs every second. The 
mono time of the MMV is determined 
by network Вз-Сд. 

Four bright displays indicate how 
many bytes (not bits!) reached the re- 
ceiver during the last second. Usually, 


COMPONENTS LIST 


Resistors: 

R1 = 4-way SIL array 10kQ 
R2,R12 = 1kQ 

R3,R4 = 10k 

R5-R11,R14 = 1000 

R13 = 1MQ 


Capacitors: 
C1,C2 = 27pF 

СЗ = AuF7 16V 
C4 = 330pF 

C5 = Inf 

C6 = 68рЕ 
C7-C13 = 100nF 
C14 = 1004F 25V 


Semiconductors: 

IC1 = 74HCT4060 

ІС2:- 1489 

IC3 = AY-3-1015 or СОМ 8017 
[C4 = 4013 

IC5 = 40103 

IC6 = ICM7217A 

ІС? = 7805 

LD1-LD4 = HD1107 


Miscellaneous: 

K1 = 9-way sub-D socket, angled. 
K2 = 9-way sub-D plug, angled. 
K3 = mains adaptor socket. 

$1 = 7-way DIP-switch. 

$2 = 4-way DIP-switch. 

X1 = 4.9152MHz crystal. 

JP1 = 3-way SIL-header w. jumper 
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the readout will indicate a value which 
is at least 10 times smaller than the set 
baud rate (remember, 10 bits are 
needed for every word). The advantage 
of the byte-speed readout is that the 
user has a clear indication of the 
amount of information conveyed. The 
decimal point іп LD3 is on continu- 
ously to make the displayed value eas- 
ily readable. 

It is important to note that the speed 
measurement works correctly only if 
hardware (RTS/CTS, etc.) handshak- 
ing is used. Software handshaking 
uses start and stop commands which 
are also conveyed via the data lines. 
Obviously, these commands are recog- 
nized as valid databytes by the 
speedometer, while they are not data 
proper. Since software handshaking is 
hardly used any more, you probably 
need not worry about this deficiency of 
the speedometer. 

The rest of the circuit is really 
straightforward stuff. The serial input 
signal is buffered by ICa, a type 
LM1489. As already mentioned, switch 
Sı is used to select the desired data 
speed, while $2 allows you to select the 
number of stop bits, the parity check, 
and the number of databits contained 
in a byte. The function of the two 
switches is summarized in Table 1. 


Construction: no 
problems! 


A printed circuit board has been de- 
signed to make the construction of the 
RS232 speedometer as easy as possi- 
ble. Unfortunately, this printed circuit 
board is not available ready-made 
through the Readers Services, so you 
have to etch it yourself. 

It is best to start by fitting the 
18 wire links on the board. In this way, 
the links can not be forgotten later. 
Also, four wire links are located under- 
neath displays, so they have to be fit- 
ted first in any case. It is recommended 
to use IC sockets since that enables 
faulty ICs to be replaced more easily. 

Fit jumper ӘР). Position A means 
that the speed of the TxD signal is 
measured, while in position B the 
speed of the RxD signal is measured. 
Set the baudrate and the transmission 
format with the aid of the DIP switches, 
and the circuit is ready for use. 

Connect the supply input to the out- 
put of a 9V/200 mA mains adapter, 
and insert the speedometer into the se- 
rial link. Next, switch on the 
speedometer, and start the transmis- 
sion. The measured value should ap- 
pear almost instantly on the displays. 

" 
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Wherever data is exchanged via a 
serial link, it is essential for the 
transmitter and the receiver to have 
matching transmission parameters, 
laid down in the handshaking protocol. 
The RS232 link supports hardware and 
software protocols. Software 
handshaking makes use of extra 
characters which are added to the data 
proper. Effectively, one device controls 
the other by means of the data 
transmitted. In this way, a computer is 
capable of sending text line-by-line by 
adding the 'end-of-text' (EOT) marker 
at the end of each line. EOT being an 
ASCII character, the printer is able to 
interpret this message as a command 
to print the received data. When it is 
finished with printing, and ready to 
receive new data, it transmits an 
acknowledge message in the form of 
ап ACK code. Like EOT, ACK is a 
standard ASCII sign. 

The advantage of software 
handshaking is the small number of 
signal lines that make up the serial link 
(see Fig. A). 





A 


DTE DCE 


TxD 
RxD 
COMMON 


TxD 
RxD 
COMMON 
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Hardware handshaking is.a different 
kettle of fish, and based on different 
combinations of handshaking lines. 
For example, a computer (transmitter 
or DTE, data terminal equipment) is 
connected to a modem (receiver or 
ОСЕ). As soon as the computer is 
switched on, its DTR (data terminal 
ready) line (pin 20) becomes active. 
This is a signal for the modem to 
become active. In this type of link, the 


settings S2 


parity = even 


parity = odd 
parity = none 
parity 


Table 1. Overview of DIP switch functions. 


RS232 SPEEDOMETER 





|... EVERYTHING UNDER CONTROL? 


DTR output on the computer is 
connected to the DTR input on the 
modem. Hence, the DTR connection on 
the transmitter is different from that on 
the receiver. 

The modem signals that is ready for 
use by actuating its DSR (data set 
ready) output (pin.6) on the RS232 
port. This signal is detected by the 
сотритег:оп its DSR input. In other 
words, the modem acts as a 
transmitter, and the computer as a 
receiver. 

Next, the computer actuates the RTS 
(request to send) line, pin 4. Via the 
CTS (clear to send) line, the modem 
informs the computer whether or not it 
is ready to accept data. If so, the 
transmission. may commence. 

One handshaking line that has not 
been mentioned so far is called DCD 
(data carrier detect). It is actuated by 
the modem, and indicates that a stable 
connection has been established with 
another modem via, for instance, the 
telephone line. By monitoring the 
status of this line, the computer is able 
to detect when the carrier disappears 
from the telephone tine. 





B DTE DCE 


TxD 

RxD 

RTS 

CTS 

DTR 

OSR 

DCD 
COMMON 


| TxD 
| RxD 
ATS 
CTS 
DTR 
DSR 
| pep 
COMMON 
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Evidently, the disadvantage of the 
hardware handshaking. option 15 the 
larger number of wires, as shown in 
Fig. B. 


| маг | ner | bit/character 
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VIEWDATA RETURNS £6 made by Tandata, indudes 1200.75 
modem, Къа, RGB and comp о/р, printer port. No PSU.£6 MAG6P7 
IBM PC CASE AND PSU Ideal base for building your own PC. 
Ex equipment but OK. £14.00 each REF: MAG14P2 

SOLAR POWER LAB SPECIAL You get TWO 67х6" 6v 
130тА solar cells, 4 LED's, wire, buzzer, switch plus 1 relay or 
motor Superb value kit just £5.99 REF: MAG6P8 

SOLID STATE RELAYS Wili switch 25A mains. Input 3.5-26v 
DC 57x43x21mm with terminal screws £3.99 REF MAG4P 10 
300DPI A4 DTP MONITOR Brand new, TTL/ECL inputs, 15" 
landscape, 1200x1664 pixel complete with circuit diag to help you 
interface with your projects. JUST £24.99, REF MAG25P1 
ULTRAMINI BUG МІС 6mmx3.5mm made by AKG,.5-12v 
electret condenser. Cost £12 ea, Our? fourfor£9.99 REF MAG10P2 
RGB/CGA/EGA/TTL COLOUR MONITORS 12" in good 
condition. Back anodised metal case. £99 each REF MAG99P1 
GX4000 GAMES MACHINES returns so ok for spares or 
repair £9 each (no games). REF MAG9P1 

C64 COMPUTERS Retums, so ok for spares etc £9 ref MAG9P2 
FUSELAGE LIGHTS 3 foot by 4' panel 1/8" thick with 3 panels 
that glow green when a voltage is applied. Good for night lights, front 
panels, signs, disco etc. 50-100у per strip. £25 ref MAG25P2 
ANSWER PHONES Returns with 2 faults, we give you the bits 
for 1 fault, you have to find the other yourself. BT Response 200s 
£18 ea REF MAG18P1, BT Response 400's £25 ea REF MAG25P3 
Suitable power supply £5 REF MAG5P12 

SWITCHED MODE PSU ex equip, 60w +5v @5A, -5v@.5A, 
+12V@2A,-12V@.5A 120/220у cased 245x88x55mm IECinput 
socket £6.99 REF MAG7P1 

PLUG IN PSU 9У 200mA DC £2.99 each REF MAG3P9 
PLUG IN ACORN PSU 19v AC 14w , £2.99 REF MAG3P 10 
POWER SUPPLY fully cased with mains and о/р leads 17v DC 
900mA output. Bargain price £5.99 ref MAGGP9 

ACORN ARCHIMEDES PSU «5v @ 4.4A. on/off sw uncased, 
selectable mains input, 145x 100x45mm £7 REF MAG7P2 
GEIGER COUNTER KIT Low cost professional twin tube, 
complete with РСВ and components. £29 REF MAG29P1 
SINCLAIR СБ 13' wheels complete with tube. tyre and cycle style 
bearing £6 ea REF MAG6P 10 

AA NICAD PACK encapsulated pack of 8 AA nicad batteries 
(tagged) ex equip, 55x32x32mm. ЕЗ a pack. REF MAG3P 11 
13.8V 1.9A psu cased with leads. Just £9.99 REF MAG10P3 
360K 5.25 brand new half height floppy drives IBMcompatible 
industry standard. Just £6.99 REF MAG7P3 

PPCMODEM CARDS. These are high spec plugin cards made 
forthe Amstrad laptop computers. 2400 baud dial up unit complete 
with leads. Clearance price is £5 REF: MAGSP1 

INFRA RED REMOTE CONTROLLERS Originally made for 
hi spec satellite equipment but perfect for all sorts of remote control 
projects. Our clearance pnce is just £2 REF: MAG2 

TOWERS INTERNATIONAL TRANSISTOR GUIDE. A 
very useful book for finding equivalent transistors, leadouts, specs 
etc. £20 REF: MAG20P1 

SINCLAIR Сб MOTORS We havea few ieft without gearboxes. 
These are 12v DC 3,300 rpm 6"x4", 1/4" OP shaft. £25 REF: MAG25 
UNIVERSAL SPEED CONTROLLER KIT Designed by us 
for the above motor but suitable for any 12v motor up to 30A. 
Complete with PCB etc. A heat sink may be required. £17.00 

REF: MAG17 

VIDEO SENDER UNIT. Transmits both audio and video signals 
from either a video camera, video recorder, TV or Computer etc to 
anystandard TV setin a 100 range! (tune TVtoa spare channel) 12v 
DC op. Priceis£15 REF: MAG15 12v psuis£5 extra REF: MAGSP2 
*FM CORDLESS MICROPHONE Small hand held unit with a 
500' range! 2 transmit power levels. Reqs PP3 9v battery. Tuneable 
to any FM receiver. Price 15 15 REF: MAG15P1 

LOW COST WALKIE TALKIES Pair of battery operated units 
with a range of about 200’. Ideal for garden use oras an educational 
toy. Price is £8 a pair REF: MAG 8Р1 2хРРҘ req'd. 
*ММАТУВЕ RADIO TRANSCEIVERS А pair of walkie 
talkies with a range of up to 2 kilometres in open country. Units 
measure 22x52x 155mm. Complete with cases and earpieces. 2xPP3 
req'd. £30.00 pair REF: MAG30. 

COMPOSITE VIDEO KIT. Converts composite video into 
separate H sync, V sync, and video. 12v DC. £8.00 REF: МАСВР2. 
LQ3600 PRINTER ASSEMBLIES Made by Amstrad they are 
entire mechanical printer assemblies including printhead, stepper 
motors etc etc In fact everything bar the case and electronics, a good 
stripper! £5 REF: MAG5P3 ог 2for £8 REF: MAG8P3 
SPEAKERWIRE Brown 2core 100foothank£2 REF: MAG2P1 
LED PACK of 100 standard red 5m leds £5 REF МАС5Р4 
JUG KETTLE ELEMENT good general purpose heating ele- 
ment (about 2kw) ideal for heating projects. 2 for £3 REF: MAG3 
UNIVERSAL PC POWER SUPPLY complete with flyleads, 
switch, fan etc. Two types available 150w at £15 REF:MAG15P2 
(23x23x23mm) and 200w at £20 REF: MAG20P3 (23x23x23mm) 
*FMTRANSMITTER nousedin a standard working 13A adapter!! 
the bug runs directly off the mains so lasts forever! why pay £700? or 
price is £26 REF: MAG26 Transmits to any FM radio. 

*FM BUG KIT New design with PCB embedded coil for extra 
stability. Works to any FM radio. 9v battery req'd. £5 REF: MAGSPS 
*FM BUG BUILT AND TESTED superior design to kit 
Supplied to detective agencies. 9v battery req'd. £14 REF: МАО14 
TALKING COINBOX STRIPPER originally made to retail at 
£79 each, these units are designed to convert and ordinary phone 
into a payphone. The units have the locks missing and sometimes 
broken hinges. However they can be adapted for their original use 
or used for something else?? Price is just £3 REF: MAG3P1 

100 WATT MOSFET PAIR Samespecas 2SK343 and 254413 
(8A, 140v, 100w) 1 Nchannel, 1 P channel, ЕЗ a pair REF: MAG3P2 
VELCRO 1 metre length of each side 20mm wide (quick way of 
fixing for temporary jobs etc) £2 REF: MAG2P3 

MAGNETIC AGITATORS Consisting of a cased mains motor 
with lead. The motor has twomagnets fixed toa rotar that spin round 
inside, There are also 2 plastic covered magnets supplied. Made for 
remotely stirring liquids! you may have a use? £3 eachREF:MAG3P3 





































































































































































“SOME OF OUR PRODUCTS MAY ВЕ UNLICENSABLE IN THE UK 


BULL ELECTRICAL 


250 PORTLAND ROAD HOVE SUSSEX 






















KEYBOARD. 
POWER SUPPLY. WAS £49.00 


BULL'S 


BULLETIN BOARD 
100MHZ DUAL TRACE 


OSCILLOSCOPES 
JUST £259 


RING FOR DETAILS 


MASSIVE 


WAREHOUSE CLEARANCE 


FANTASTIC £20.00 REDUCTION 


REFURBISHED PC BASE UNITS 
COMPLETE WITH KEYBOARD 


FROM ONLY 629. 00 


AMSTRAD 1512 BASE UNITS 


GUARANTEED 


PERFECT WORKING ORDER. 


A LOW COST INTRODUCTION TO THE HOME COMPUTER MARKET 


AMSTRAD 151250 


1512 BASE UNIT, 5.25" FLOPPY DRIVE AND 
ALL YOU NEED IS A MONITOR AND 


NOW ONLY £29.00 
REF: MAG29 


AMSTRAD 1512DD 


1512 BASE UNIT AND KEYBOARD AND TWO 


5.25" 360K DRIVES . ALL YOU NEED 15 A MONITOR 
AND POWER SUPPLY WAS £59.00 


NOW ONLY £39.00 
REF: MAG39 


SOLAR POWER PANELS 


ЗЕТ X ТЕТ 10WATT GLASS PANELS 


14.5у/700тА 


NOW AVAILABLE BY MAIL ORDER 


533.95 


(PLUS $2.00 SPECIAL PACKAGING CHARGE) 


TOP QUALITY AMORPHOUS SILICON CELLS HAVE ALMOST A 
TIMELESS LIFESPAN WITH AN INFINITE NUMBER OF POSSIBLE 
APPLICATIONS, SOME OF WHICH MAY BE CAR BATTERY 
CHARGING, FOR USE ON BOATS OR CARAVANS, OR ANY- 
WHERE A PORTABLE 12V SUPPLY IS REQUIRED. REF: MAG34 


FREE SOFTWARE! 


Brand new, UNUSED top quallty Famous brand 

licensed software discs. Available іп 5.25" DSDD or 5.25" 
HD only. You buy the disk and itcomes with free BRAND 
NEW UNUSED SOFTWARE. We are actually selling you the 
floppy disc for your own "MEGA CHEAP" storage facllities, 
if you happento get software that you want/need/like as 
well... 
DSDD РКТ10 £2.99 REF: MAG3P7 


you get a "MEGA BARGAIN" too! 









£££££££WE BUY SURPLUS STOCK£££££££ 


TURN YOUR SURPLUS STOCK INTO CASH. 


IMMEDIATE SETTLEMENT. WE WILL ALSO QUOTE FOR 


COMPLETE FACTORY CLEARANCE. 


1994 CATALOGUE. 


PLEASE SEND 45Р, A4 SIZED SAE FOR YOUR FREE COPY. 
MINIMUM GOODS ORDER £500 TRADE ORDERS FROM QOVERNMENT, SCHOOLS, 
UNIVERSITIES, & LOCAL AUTHORITIES WELCOME ALL GOODS SUPPLIED SUBJECT TO 
OUR CONDITIONS OF SALE AND UNLESS OTHERWISE STATED GUARANTEED FOR 30 
DAYS RIGHTS RESERVED TO CHANGE PRICES & SPECIFICATIONS WITHOUT PRIOR 
NOTICE ORDERS SUBJECT TOSTOCK QUOTATIONS WILLINGLY GIVEN FOR QUANTI- 
‘TIES HIGHER THAN THOSE STATED 


ВМЗ 5QT 


MAIL ORDER TERMS: CASH PO OR CHEQUE 
WITH ORDER PLUS £3.00 POST PLUS VAT. 


PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY 


TELEPHONE ORDERS WELCOME 


TEL: 0273 203500 
FAX: 0273 323077 































PKT100 £16.00 REF: МАС16 





















TOP QUALITY SPEAKERS Made for HI FI televisions 
these are 10 watt 4R Jap made 4" round with large 
shielded magnets. Good quality general purpose speaker. 
£2 each REF: MAG2P4 or 4 for £6 REF: MAG6P2 
TWEETERS 2" diameter good quality tweeter 140R (ok with (ТЕ 
above speaker) 2 for £2 REF: MAG2P5 or4 for£3 REF: MAG3P4 
AT KEYBOARDS Made by Apricot these quality keyboards need 
justa small modification to run on any AT, they work perfectly but you 
will have to put up with 1 or 2 foreign keycaps! Price £6 REF: 
MAG6P3 
XT KEYBOARDS Mixed types, some returns, some good, some 
foreign etc but all good for spares! Price is £2 each REF:MAG2P6 
or 4 for £6 REF: MAG6P4 
PC CASES Again mixed types so you take a chance next one off 
the pile £12 REF:MAG12 ortwo the same for £20 REF: MAG20P4 
COMMODORE MICRODRIVE SYSTEM mini storage 
device for C64's 4 times faster than disc drives, 10 times faster 
than tapes. Complete unitjust £12 REF:MAG12P1 
SCHOOL STRIPPERS We have quite a few of the above 
units which are 'returns as they are quite comprehensive units 
they could be used for other projects etc. Let us know how many you 
need at just 50p a unit (minimum 10) 
HEADPHONES 16P These are ex Virgin Atlantic. You can have 
8 pairs for £2 REF: MAG2P8 
PROXIMITY SENSORS These are small PCB's with what look 
like a source and sensor LED оп one end and lots of components on 
the rest of the PCB. Complete with fly leads. Pack of 5£3 REF: MAG: 
305 or 20for£8 REF: MAG8P4 
SNOOPERS EAR? Original made to clip over the earpiece of 
telephone to amplify the sound-it also works quite well on the cable 
running atong the wall! Price is £5 REF: MAGSP7 
DOS PACKS Microsoft version 3.3 or higher complete with all 
manuals or price just £5 REF: MAGSP8 Worth it just for the very 
comprehensive manual! 5.25" only. 
DOS PACK Microsoft version 5 Original software but no manu- 
als hence only £3 REF: MAG3P6 5.25' only. 
FOREIGN DOS 3.3-Geman,French italian etc £2 a pack with 
manual. 5.25* only. REF:MAG2P9 
CTM644 COLOURMONITOR. Madetowork withthe CPC464 
home computer. Standard RGB input so will work with other ma- 
chines. Refurbished £59.00 REF:MAG59 
PIR DETECTOR Made by famous UK alam manufacturer these 
are hi spec, long range internal units. 12v operation. Slight marks on 
case and unboxed (although brand new) £8 REF: MAG8PS 
WINDUP SOLAR POWERED RADIO AM/FM radio complete 
with hand charger and solar panel! £14 REF: MAG14P1 
COMMODORE 64 TAPE DRIVES Customer returns at £4 
REF: MAG4P9 Fully tested and working units are£12 REF: MAG12P5 
COMPUTER TERMINALS complete with screen, keyboard 
and RS232 input/output. Ex equipment. Price is £27 REF: MAG27 
MAINS CABLES These are2 core standard black 2 metre mains 
cables fitted with a 13A plug on one end, cable the other. Ideal for 
projects, low cost manufacturing etc. Pack of 10for£3 REF: MAG3P8 
Pack of 100 £20 REF: MAG20P5 
SURFACEMOUNT STRIPPER Originally made as some form 
of high frequency amplifier (main chip is a TSA5511T 1.3GHz 
synthasiser ) but good stripper value, an excellent way to play with 
surface mount components £1.00 REF: MAG1P1. 
MICROWAVE TIMER Electronic timer with relay output suitabie 
to make enlarger timer etc Е4 REF: MAG4P4 
MOBILE CAR PHONE £5.99 Weil almost! complete in car 
phone excluding the box of electronics normaily hidden under seat. 
Can be made to illuminate with 12v also has built in light sensor so 
display only illuminates when dark. Totally convincing! REF: MAG6P6 
ALARM BEACONS Zenon strobe made to mounton an extemal 
bell box but could be used for caravans etc. 12v operation. Just 
connect up and it flashes regularly) 5 REF. MAGSP 11 
FIRE ALARM CONTROL PANEL High quality metal cased 
alarm panel 350x165x80mm.With key. Comes with electronics but 
no information. sale price 7.99 REF: MAG8P6 
SUPER SIZE HEATSINK Superb quality aluminium heatsink 
365 x 183 x 61mm, 15 fins enable high heat dissipation. No holes! 
sale price £5.99 КЕЕ: MAG6P 11 
REMOTE CONTROL PCB These are receiver boards for 
garage door opening systems. You may have another use? £4 ea 
REF: MAG4P5 
6"X12" AMORPHOUS SOLAR PANEL 12v 155x310mm 
130тА. Bargain price just £5.99 ea REF MAG6P 12 
FIBRE OPTIC CABLE BUMPER PACK 10 metres for £4.99 
ref MAGSP 13 ideal for experimenters! 30 т for£12.99 ref MAG13P1 
LOPTX Line output transformers believed to be for hi res colour 
monitors but useful for getting high voltages from low ones! £2 each 
REF: MAG2P12 bumper pack of 10 for £12 REF: MAG12P3. 


SHOP OPEN 9-5.30 SIX 
DAYS A WEEK 

























































































































































































































PORTABLE RADIATION DETECTOR 


£49.99 


A Hand held personal Gamma and X Ray detec- 
tor. This unit contains two Geiger Tubes, hasa 4 
digit LCD display with a Piezo speaker, giving an 
audio visual indication. The unit detects high 
energy electromagnetic quanta with an energy 
from 30K eV to over 1.2M eV and a measuring 
range of 5-9999 UR/h or 10-99990 Nr/h. Supplied 


complete with handbook. 


REF: MAG50 
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DATA ACQUISITION WITH THE PC 
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TINE/DIV 
2.0 psec 
4,0 psec 
10,0 psec 
20.0 nsec 
50.0 nsec 
0,1 nsec 
0.2 nsec 
0.5 nsec 
1,0 nsec 
2,0 nsec 
5,0 nsec 
10,0 nsec 
20.0 nsec 
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LOW COST: HANDYPROBE 






















carried out at once. The HANDYPROBE does not need 
an external power supply. Some technical parameters: 
0.5-400 V software 
select input range; 
one input channel; 

8 bits resolution 
(overall accuracy 2%); 
A complete software 
program consisting of 
a digital 

storage oscilloscope, 
spectrum analyzer, 
voltmeter and а 
transient recorder 

is provided. 

The HANDYPROBE is 
eminently suitable for 
servicing and 
educational purposes. 





MULTIFUNCTIONAL: TP5008 


The TP5008 is an interface card 
that provides an analogue 
output in addition to two input 
channels. This output in 
combination with the two 
inputs may be used for the 
setting up of a complete 
control loop. The output |... 
may also be used asa ^ 
function generator. 

The TP5008 has a 
resolution of 8 bits 

and a sampling rate 

of 200,000 samples/ 

sec (200 kHz). The input range may be set to 0.5-20 V 
full-scale deflection. The output range covers 1.25-2.5 V. 
The TP5008 is fitted with BNC connectors and is 
delivered complete with a user manual and software. 
Separately available are 1:1-1:10 probes 

and 1:100 oscilloscope probes. £ 197 











Interested? Then write or fax for a FREE demo diskette to 


INSTRUTEK (UK) 





















WRITE DISK | ЕТ зен езі (ЕН 






Connect the HANDYPROBE to the parallel printer port 
of the PC and start the software. Measuring can be 





TiePie engineering manufactures a complete 
range of computer-controlled measuring instruments. 
Connecting these units to a PC (MS DOS 3.0 or higher) 
results in a number of compre- 
hensive test instruments: 












oscilloscope: 
voltmeter; 
spectrum analyzer; 
~ frequency meter; 
transient recorder. 










А! measured data can be stored 
on disk or run off for documentation. Because of the 
many trigger possibilities, a variety of signals can be 
measured, while the powerful software enables a 
multitude of measurements to be carried out ina 
straightforward manner. Application areas include: 
service; medical research; automatic test systems; 
research and development; and education. 












BEST PERFORMANCE: HANDYSCOPE 


The HANDYSCOPE is connected to the parallel printer 
port. This makes it possible to carry out measurements 
with a laptop or notebook PC. Because of its high 
resolution (12 bits), the HANDYSCOPE is a very accurate 
instrument. The measuring rate is 100,000 samples/sec. 
Either of the two channels can be set independently 
over a range of 0.5-20 V (with a 1:10 probe up to 200 V). 
The advanced software enables many measurements to 
be carried out. Two probes (switchable 1:1-1:10) are 
provided. The HANDYSCOPE is constructed as a small 
table model with two BNC connectors. 
The length of 
the cable 
linking the 
PC and the 
HANDYSCOPE 
is 1.8m, 
which can be 
extended 

to 3.8 т. 



























































£ 399 


VERY HIGH SPEED: TP208 


The TP208 is an interface card 
with a measuring speed of 
2x20 Megasamples/sec 
(8 bits). Phenomena shorter 
than one millionth of a 
second can still be 
measured well. 
The completely digitized 
triggering ensures very 
stable triggering with 
many trigger 
possibilities. 
The TP208 has an 
input range of 
5 mV/div to 20 V/div in 12 steps and an auto calibration 
function. Since both channels may be sampled 
|! simultaneously, phase differences can be measured 
very accurately. Even single phenomena can be 
measured since each channel has a 
32 KByte memory. Comprehensive £ 595 

(All prices are exclusive of VAT and P&P) 








































software is provided. 
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A LOWER FREQUENCY RECEIVING 


SYSTEM 


The lower frequency regions of the radio spectrum are probably the most 
unknown, and neglected by the more recent generations of radio listening 
enthusiasts. Yet, signals, often mysterious, abound, provided one has a good 
receiver and antenna system. Such a system is described in this article. 


OR convenience, the lower fre- 

quency spectrum has been lumped 
together to include the VLF (very low 
frequency) bands (2 kHz to 30 kHz, or 
150,000 m to 10,000 m). plus part of 
the MF (medium frequency) band (300 
to 500 kHz, or 1,000 m to 600 m). This 
range does, of course, encompass the 
European long-wave broadcast band, 
which is a comparatively small part of 
the spectrum under consideration. 

Those who use the HF bands tend to 
use the half-wave dipole antenna as a 
reference. Well, a half-wave dipole at, 
say, 100 kHz (3,000 m) would be just 
under 1,500 m (approx. 3,000 ft) long! 
This gives some idea of the antenna 
problems at LF. 

A suitable receiver must cover the 
range 2 kHz to 500 kHz (150,000 m to 
600 m), and be accurately calibrated 
at 10 kHz intervals. It must be capable 
of receiving AM and CW transmissions, 
and preferably LSB and USB 
(upper/lower sideband) at the higher 
frequency end. An AVC (automatic vol- 
ume control) on/off switch is an ad- 
vantage, and an adjustable noise 
limiter is a distinct asset. A tape 
recorder gives the facility of replaying. 
and studying, the more mysterious 
signals; and anyone with RTTY receiv- 
ing facilities may well be able to use 
them on occasion. 


The receiver 


The receiving system used consists of 
an amateur HF bands communica- 
tions receiver switched to the 3,500- 
4,000 kHz band, as a tuneable IF 
(intermediate frequency) and demodu- 
lator, plus a wideband LF converter 
with a 3,500 kHz crystal oscillator. 
These units are shown schematically 
in Fig. 1. Any existing amateur band 
3,500-4,000 kHz receiver can be used, 
whether a 'solid state' or older all-tube 
instrument. 

In this particular case, a near per- 
fect 1960's all-tube Heathkit amateur 
band type RA-1 receiver is used. The 
LF converter is a tiny circuit board 
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Fig. 1. Block diagram of the VLF receiving system. 


type L-101/80D/PCB purchased from 
L.F. Engineering Co. Inc. in the USA 
(Ref. 1). At a price of $39 plus $4 
postage, it was just not worth con- 
structing such a unit, as originally in- 
tended. The converter is supplied 
complete with a 3,500 kHz quartz 
crystal, and came fitted with an on/off 
switch, a red LED indicator and a bat- 
tery connector. The circuit uses a PP3 
9-V battery, and has a current drain of 


only 3 mA. 

The LF converter uses a high-im- 
pedance end-fed antenna input 
matched to a J-FET mixer type 
2N5457, and requires at least a 30-m 
(100-ft) long end-fed antenna. The re- 
sult of the arrangement is a wide dy- 
namic range, and higher gain than the 
more usual low-impedance coaxial 
feedline input. The output impedance 
into the main receiver is 50 Q. 
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Fig. 2. The VLF converter is built into a small plastic box. 
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Fig. 3. The 'double-Slinky' end-fed antenna for 2-500 kHz. 


The little circuit could be incorpo- 
rated into the main receiver, or sepa- 
rately boxed. The latter option was 
adopted, see Fig. 2. The converter 
board is mounted, with battery, in a 
small plastic box with a metal lid. 
Throughout the whole system, phono 
jack sockets and plugs are used for the 
interconnections. 

The LF converter and main receiver 
are interconnected with RG58 coax 
cable with a maximum length of about 
1.2 m (4 ft) A good ground/earth 
should be connected to the LF con- 
verter. 

With a crystal-controlled local oscil- 
lator, and crystal calibration in 100- 
kHz steps on the main receiver used as 
a variable IF, a high degree of fre- 
quency accuracy is achieved. The sta- 
tion frequency is measured by 
deducting 3,500 kHz from the tuning 
scale on the main receiver — see 
Fig. 6. Further frequency checks are 
the various time/frequency standard 
stations — see later. 

Installing a well-elevated 30+ m an- 
tenna wire is not achievable by many, 
especially in built-up areas, where 
there may be space problems, rules 
and regulation, and planning permis- 
sion refusals to contend with. 

A number of specialized, сот- 
pressed, LF antennas have been de- 
signed, built and tested. The most 
suitable are described below. 


Antennas for VLF 


1. ‘Double-Slinky’ end-fed antenna 
(2-500 kHz) 
This antenna is shown in Fig. 3. It can 
be mounted indoors or outdoors, tak- 
ing up an overall physical length of 
4.8 m (16 ft) plus a 1.35-m downlead. 
The antenna consists of two 'Slinky' 
coils connected in series. A Slinky coil 
is a 90-turn 7-cm diameter flexible 
steel spring, weighing just over 1 kg. 
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Each coil contains 20 m (67 ft) of con- 
ductor. When compressed. the Slinky 
is only about 6 em long, but can be ex- 
tended, in a helical configuration, up 
to about 5 m. Slinky is available from 
Antenna West in the USA (Ref. 2). 

For the double Slinky antenna, two 
Slinky coils are connected in series, 
end to end, with a 1.35-m PVC covered 
flex downlead (which is not a critical 
length) — see Fig. 3. To connect the 
two coils in series, the end of each coil 
should have the end turns flow-sol- 
dered together. 

The 'double Slinky' is supported at 
either end, on site, by threading white 
nylon cordage through the coil centre 
— see Fig. 3. 

Indoors, the double Slinky may be 
hung up diagonally across the room, 


PHONO 
PLUG/SOCKET 


NOT TO EXEED 
1.2m (4' 0") 
LENGTH 

<¢— 


with the downlead dropping down to 
the LF receiver in the corner of the 
room. Outdoors the antenna is hung 
from a window, with the downlead in- 
doors to the receiver, and the whole 
supported by a nylon cordage to a suit- 
able pole, building or tree. 

If used outdoors, it will be necessary 
to varnish the double Slinky turns to 
eliminate the possibility of corrosion. 
The simplest way of varnishing is to 
suspend the stretched antenna, hori- 
zontally, outdoors, at about chest 
level, and thoroughly spray with var- 
nish. To be absolutely effective, it is 
recommended to apply three separate 
coats of varnish. 

The double Slinky end-fed antenna 
is most effective between 2 kHz and 
900 kHz, and, in fact, throughout the 
MW AM broadcast band with other re- 
ceivers. 


2. The end-fed ferrite antenna (95- 
500 kHz) 

This small space-saving antenna con- 
sists of a tuned coil wound around a 
ferrite rod, and end-fed with a 1.2-m 
lead -- see Fig. 4. The antenna is very 
effective, with sharp directional prop- 
erties, and a sharp ‘null’. 

The ferrite coil assembly is shown in 
Fig. 5. It consists of a standard 20-cm 
long x 9.5 mm diameter (8»x in) ferrite 
rod as used in LW/MW AM broadcast 
receivers. These rods are available 
from a number of suppliers, on the 
surplus market, or can be salvaged 
from an old broadcast receiver. 

The coil winding consists of 12.7 cm 
(5 in) of close wound turns of 24 SWG 
(23 AWG) DCC (double cotton covered) 


MAX | 


L = m = = m = = m 


LF Receiver 


Fig. 4. The end-fed ferrite antenna (95-500 kHz). 
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Fig. 5. Construction of the rod/coil for the end-fed antenna. 


copper wire. The winding is centred ei- 
ther side of the middle of the rod. It is 
much easier to wind a 12.7-cm length 
than try to count 225 turns of wire. 
The wire ends are secured with two 
turns of masking tape, and the whole 
winding is varnished after initial test- 
ing. 

The ferrite rod/coil assembly is sup- 
ported by two plastic coated Terry clips 
screwed to a strip of teak-stained 
wood. As shown, the whole assembly is 
fastened to, and stood-off from, the an- 
tenna base plate with two brass bolts. 
Two nuts and a wingnut are required 
for each bolt, as shown. 

The 1,000-pF variable capacitor 
(С1+С2) is a standard robust two-gang 
500 pF + 500 pF tuning capacitor 
wired in parallel. Any adjustable trim- 
mers/padders should be removed, and 
the capacitor should be fitted with an 
insulated extension spindle. 

The simple final antenna assembly 
is shown in Fig. 7. The base plate used 
was an inverted coloured rigid 22 cm 
(8.5 in) diameter plastic picnic plate. 
Alternatively, a plastic or plywood base 
(22x22 cm), mounted on a 6x6 mm 
wood framework could be used. 

Actual layout positions are not criti- 
cal, and will depend on the physical 


size of the two-gang variable capacitor, 
which is bolted to the base plate as 
shown in Fig. 7. 

When in use, the antenna is actu- 
ally placed on a small turntable to take 
advantage of its sharp directional ef- 
fect, which assists in interference 
elimination. 

This end-fed tuned ferrite antenna 
covers the frequency range from 
95 kHz to 500 kHz (3,185 m to 600 m). 


Listening around the 
spectrum 


Lower frequencies listening is a com- 
pletely different ball-game to HF listen- 
ing. Also, wide differences can be 
expected between the LF and HF ends 
of this LF spectrum. 

In general, long-distance reception 
is best during the hours of darkness, 
especially during the long winter 
nights. Exceptions do occur. Below 
about 30 kHz, however, long-distance 
reception is possible around the clock. 
Unfortunately, there is not a lot to 
hear down there. The receivers CW 
mode should be used. However, we do 
have the standard frequency/time sig- 
nal station GBR (Rugby) at 16 kHz, 
which has a wavelength of around 


CRYSTAL CHECK POINTS 





Fig. 6. LF tuning readout. 
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19 km — imagine a dipole just under 
10 km long! There is also the US Navy 
submarine communications system 
which uses frequencies up to about 
70 kHz. Very occasionally, high-speed 
CW stations have been heard, but ori- 
gins not established. Listening below 
30 kHz can be interesting, even if not 
very enlightening. 

As we tune upwards in frequency, 
activity increases from 30 kHz to 
500 kHz. Atmospheric static is often a 
nuisance — it is minimum around 
noon, and maximum during the hours 
of darkness. Much of it appears to be 
directional, and here the end-fed fer- 
rite antenna helps. It has been noticed 
that as one tunes lower in frequency, 
from about 500 kHz, the incidence of 
fading signals appears to decrease. 

Probably the most important step 
for the listener is to establish the loca- 
tion, on the receiver dial, of the various 
standard frequency and time signal 
stations that operate around the 
world. A useful publication is the low- 
cost Standard frequency and time sig- 
nal stations of the world (Ref. 3), which 
lists frequencies, callsigns and station 
locations of 17 such stations between 
16 kHz and 500 kHz. It also indicates 
the various time codes used. A readily 
available signal is the Loran C naviga- 
tion aid on 100 kHz, among other nav- 
igational systems, to be heard below 
150 kHz along with CW signals. 

On the average domestic receiver, in 
Europe, the long-wave AM broadcast 
band is shown on the dial as from 
2,000 m (150 kHz) to 1,100 or 
1,000 kHz. It is peculiar to Europe and 
surrounding countries. Most Euro- 
pean countries have an LW broadcast- 
ing station, as do several North African 
countries, such ав Algeria and 
Morocco, and further East, Turkey. LW 
AM stations also appear to spread 
through Asiatic Russia. 
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Fig. 7. Construction of the end-fed ferrite antenna assembly, which is mounted on a turntable. 


Another relatively unknown fact, in 
Europe, is the existence of the 1,750- 
m Amateur Experimental Band which 
is available in the USA, Canada and in 
some Pacific areas. This band covers 
the frequency range from 160 kHz to 
190 kHz, and there is the Long Wave 
Club of America (Ref. 4) which pub- 
lishes a monthly magazine called 
Lowdown. Recently it has been read 
that Australian (and possibly New 
Zealand) amateurs are using 196 kHz 
for transmission апа reception. 
Additionally, there is a multitude of 
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worldwide  air/marine navigational 
beacons, weather and information sta- 
tions, etc. These can be heard readily 
throughout the LW band, except in 
Europe, where they may be blanketed 
by the LW broadcast stations. Some of 
them may still be heard, however, be- 
tween 270 kHz and 500 kHz. Also be- 
tween 300 kHz and 500 kHz the odd 
AM and SSB station may be heard, 
plus CW and occasional RTTY. There is 
much which is not readily identifiable, 
and a tape recorder is an asset to 
study these signals later. a 
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References and addresses: 

1. L.F. Engineering Co. Inc., 17 Jeffry 
Road, East Haven CT06513, USA. 

2. Antenna West, 1500 North 150 
West, Provo UT84604, USA. 

3. Standard frequency and time signal 
stations in the world, published by the 
International Short Wave League, and 
obtainable from the Hon. Secretary, 10 
Clyde Crescent, Wharton, Winsford, 
Cheshire CW7 3LA, England. 

4. The Long Wave Club of America, 45 
Wildflower Road, Levittown PA 19057, 
USA. 
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PROPAK АП provides all the features you need to create complex PCB designs quickly and easily. 
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guarantee that the final PCB will correspond exactly with the schematic thus saving you from costly 
layout errors and time consuming debugging. 
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you create presentation quality schematic drawings like 
you see in the magazines. Furthermore, when the 
drawing is done, transferring it to another document is 
just a matter of pasting it through the Clipboard. 
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Parallel-Pods + SoftScope 
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Notebook) the Parallel Pods offer 100kHz to 20MHz performance from as little as 
£80.00 including software, power supply and interconnecting printer port cable. Up to 4 
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POD4 20MHz Single channel 8k ВАМ £160 
All are 8bit ADC’s with software set timebase, switched input 
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2 
HEADPHONE AMPLIFIER 


Design by T. Giesberts 


Music should be heard and enjoyed as if the orchestra were 
right in front of you. Unfortunately, neighbours, children and 
other members of the family may not be as keen as you on the 
particular piece of music you are enjoying. The answer to this 
is, of course, the use of headphones. These also have the 
advantage of offering a quality of reproduction that only 
loudspeakers costing at least ten, and probably twenty, times 
as much as the headphones would be able to equal. 


first-class electroacoustic transducer, 

whether this is a headset or a loud- 
speaker, can only perform to its true spec- 
ification if the amplifier driving it is also 
first class. It is, of course, not necessary 
to connect a headset to a power ampli- 
fier; after all, it needs only little energy. 
Yet, in practice, the headphone output is 
often taken from the power amplifier out- 
put via a potential divider. It is, however, 
far better to connect it to the output of 
the preamplifier via a dedicated head- 
phone amplifier as described in this article. 

A headphone amplifier is, strictly speak- 
ing, a sort of line amplifier with a power 
output. Its amplification need not be high, 
since the sensitivity of most headsets is 
usually fairly good. If we assume that the 
output of the preamplifier is 1 V r.m.s., 
an amplification of a few times is quite 
sufficient: some tens of milliwats is fine. 

Average good-quality headphones pro- 
vide a sound pressure of 90-100 dB for 
an input of about 1 mW. It should be 
borne in mind that modern headphones 
have a fairly high impedance. Until not 
so long ago, this impedance was 8 Q or 
so, but nowadays good-quality head- 
phones have an impedance of hundreds 
of ohms (typically 600 Q). The present 
amplifier can deliver up to 40 mW into 
600 ©. Never use this full power for lis- 
tening long: it may permanently and ir- 
reversibly damage your hearing. Too many 
young people are going deaf prema- 
turely because they listen to head- 
phones at too high a volume! 

Note that the amplifier is not suitable 
for use with electrostatic headphones. 
These need far more energy and are, there- 
fore, normally driven straight from the 
power output amplifier. 


The circuit 


The design—see Fig. 2— is a pure sym- 
metric one which can be split into an 
amplifier that works from a positive supply 
and one that operates with a negative 
supply. This design, used in the past in 
preamplifiers for moving-coil pick-ups, is 
known for its excellent performance at 
low drive levels. However, it appears to do 


well also at higher signal levels. Its only 
drawback is the requirement for two input 
capacitors: one for the n-p-n stage and 
one for ther p-n-p stage. But, since ina 
headphone amplifier the input impedance 
may be fairly high (here about 20 kQ), 
these 2.2 uF capacitors can be kept fairly 
small so that good-quality ones (poly- 


Tri 


2x 18V 
4УА5 





1000p | 40V 


1N4003 





ethene or polypro-pylene) can be used. 
The signal from the preamplifier is ap- 
plied to R}. This resistor апа C, form a 
low-pass filter that limits the bandwidth 
of the incoming signal to about 400 kHz 
for a preamplifier output impedance of 
600 О. The signal is then applied to am- 
plifiers Тү and То via capacitors C9 and 
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Fig. 1. Circuit diagram of the double power supply for the headphone amplifier. 
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Fig. 2. Circuit diagram of the stereo headphone amplifier. 
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HEADPHONE AMPLIFIER m 


Cs. The amplification of these stages de- 
pends on the values of Rg, Ку, Куз (in the 
case of Tj) andRjg, Ку, Кд (in the case 
of T3). Resistor Rj | is also part of the feed- 
back loop of both transistors. The d.c. op- 
erating point is set by R3-Rs-Rg (Ту) and 
Ry-R7-Rg (То). These resistors alsop pro- 
vide some local feedback. 

The signals at the collector of T, and 
То are fed to two cascode stages, Тз-Тд 
and Т5-Т6 respectively. These stages pro- 
vide wide-band amplification and im- 
pedance matching between the input tran- 
sistors and the 'output' stage. A draw- 
back of this arrangement is that output 
transistors can not be driven up to the 
supply voltage level, but that is not so im- 
portant in the case of a headphone ampli- 
fier. The output transistors are driven by 
the collector signals of T4 and Tg. 

Transistors Ту and Tg form an adjustable 
‘zener’ stage that sets the quiescent cur- 
rent. They are thermally coupled with Tg 
and To to ensure that the quiescent cur- 
rent remains reasonably stable during 
temperature variations in the output tran- 
sistors. 

The current through Tg and То is rel- 
atively high (25 mA), which is typical of 
Class A operation. The transistors are 
connected to the power supply via 15 Q 
resistors, buffered by electrolytic capac- 
itors Сі) and Со. 

Overall feedback is provided Бу Rj». 
Together with Ку, this resistor deter- 
mines the amplification of the complete 
amplifier. 

Network R27-Cjo ensures a constant 
load at high frequencies. 

The output impedance is 75 Q (Rog). 
Power amplifiers normally have a low 
output impedance, but headphone am- 
plifiers need a higher one. On the one 
hand, a low impedance ensures that the 
varying impedance of the headphones 
does not influence the output charac- 
teristic, and on the other hand, a resistor 
is necessary to protect the output stage 
against short circuits that occur every 
time the jack plug of the headphones is 
inserted into the socket. The specified 
value of Rog was found to be a good com- 
promise. 

Since a stereo amplifier draws a fairly 
high current, the amplifier is given a dedi- 
cated power supply—see Fig. 1. To en- 
sure strict separation ofthe channels, the 
mains transformer uses two secondary 
windings, each of which provides a sym- 
metrical voltage of +15 V. In this way, only 
two windings are needed for two isolated 
symmetrical voltages. Deriving symmet- 
rical voltages from a single winding is pos- 
sible with half-wave rectification: one diode 
uses the positive half-periods to charge 
an electrolytic capacitor, and another 
diode rectifies the negative half-periods. 
The use of relatively large electrolytic 
smoothing capacitors ensures that the 
ripple is kept small in spite of the half- 
wave rectification. Resistors Кр, Rsg, Кєз 
and Кед limit peak currents. 


" AUDIO & HI-FI 


Integrated circuits IC;-IC4 regulate the 
output voltages, which are held at £15 V 
with the aid of resistance networks. 
Presets Рз and Рд enable setting exactly 
symmetrical voltages and setting the out- 
put of each output stage to exactly zero. 


Construction 


The complete amplifier is best built on 
the printed-circuit board in Fig. 4. This 
board consists of three parts: left-hand 
channel amplifier, right-hand channel 
amplifier and power supply. It is advis- 
able to cut the board into three parts, so 
that the power supply can be fitted some 
distance from the amplifiers. 

Population of the boards is straight- 
forward, but make sure that the flat sides 
of transistor pairs T,-T», Ту-То, Тз-Туо, 
Тіо-То0. T15-T14 and Ti 17113 fit snugly to- 
gether. Make two small rings of copper or 
aluminium and use these to clamp T; and 
T», and Tyg and Tyg, securely together for 
good thermal contact. Fit lobe-finned 
heatsinks as used for TO-39 transistors 
around the other four pairs. These heatsinks 
should be slightly flattened before fitting 
them—see Fig. 3. 

Interwiring is minimal: six wires for 
the supply voltages. 

It is advisable to build the amplifier in 
a dedicated case, since most preampli- 
fier will not have the space to house it. 
Fit the mains entry at the back of the case 
and the audio input sockets and the (6.3 mm) 
jack socket at the front. Figure 5 shows 
how this must be wired. 

When the construction is completed, 
set Рз and P, to the centre of their travel. 
Connect a multimeter (200 mV direct volt- 
age range) across Коз. Adjust P, until the 
voltage across Коз is 100 mV. Do the same 


Fig. 3. This photograph shows how the 
pairs of transistors should be thermally 
coupled with the aid of a slightly flattened 
lobe-finned heatsink (TO39 size). 
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Fig. 4. The printed circuit board for the headphone 


іп the other channel with Ро and R34. 

Connect the multimeter to the output 
of each amplifier in turn and adjust P3 
and P, respectively for zero reading of the 
meter (50 mV range). 


Parts list 


Resistors: 

Бі, Rsg = 1 KQ 

Во, R55 = 1 MO 

Кз, R4, Rsg, Rg4 = 56.2 КО, 1% 








Main parameters 
Supply voltage +15У 
Current drain (each output stage) about 30 mA 
Quiescent current (each output stage) 25 mA 
Output power 40 mW into 6000 
THD + noise (at 1 mW into 600 Q) <0.0015% (20 Hz-20 kHz) 
THD at 1 kHz/1 mW «0.000596 
Signal-to-noise ratio 2112 dB (A-weighted) 
Input impedance about 20 kQ 
Output impedance 750 
Bandwidth 400 kHz 
Slew rate (without I-C) 350 Vus! 
Allowable loads 33-600 Q 
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Fig. 5. Wiring details of a 6.3 mm jack plug and socket. 


Rs-Rg. R4g-Rgg = 392 КО, 1% 

Rg, Куо. R47, Rag = 143 Q, 1% 

R11; Rig. Rog. R37. Rag, Rag = 200 Q, 1% 
Ryo, Бу; = 1.00 КО, 1% 

Riz, Біл. Rag, Rag = 2.61 КО, 1% 

Ris, Ві. Rag, Rag = 6.81 КО, 1% 

Ев. Rig, Rag, Ray = 8.25 КО, 1% 

Вол, R25, Ras, Rag = 68 Q 

Коз, Кол. R33, Вза = 3.9 Q 
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Вов, Rog, Кз]. Rag = 150 

Roz, Взо = 1000 

Вов, Rag = 75.0 Q, 1% 

R57, Rog, Reg, Reg = 12 Q 

Rog. Rej. Кєз, Rez = 392 Q, 1% 
Кво. Reg. Reg. Reg = 4.22 КО, 1% 
Pj, Pa = 10 КО preset 

Рз, P4 = 50 Q preset 


HEADPHONE AMPLIFIER 25 


Capacitors: 

Сі, Сзо = 270 pF, polystyrene 

Со, Сз, C39. Сз = 2.2 UF, 50 V, polythene 
or polypropylene, pitch 5mm 

Сд, Cs, CC»g. Cag = 470 nF 

Cg, C»; = 22 pF, polystyrene 

Ст, Cg, Суд. Сі, Сут. Cig, Cas. Сов. Cae. 
C37. Слз. См = 100 nF 

Cg, Сол = ІШЕ, pitch 5 mm 

Сто, Соз = 2.2 nF 

Су, Сіз, C21, Cog = 1000 рУ, 25 V, radial 

Сіз, Cis, Cig, Соб =47 uF, 25 V, radial 

C33, Cao = 330 nF 

C34, C35, Слз. C44 = 1000 uF, 40 V, radial 

Cag, Cag, C47, C48 = 22 ЦЕ, 40 V, radial 

C40. Cay, C49, C50 = 10 UF, 63 V, radial 


Semiconductors: 

21-04 = 1N4003 

Tj. T5-Tz. Ty4-T 1g. T29 = BC550C 
T»5-T4. Tg. Түз, Tiz-T19 - BC560C 
То, То = BC337-40 

Tio. Ти, = BC327-40 


Integrated circuits: 
IC), IC4 = LM317 
ICs. IC4 = LM337 


Miscellaneous: 

Кі = 3-way terminal block, pitch 7.5 mm 

Tr, = mains transformer, secondary 
2x18 V, 4.5 VA 

PCB Ref. 940016 (see page 70) 
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Microsoft Windows 3.1 operating in 
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68HC11 PROCESSOR BOARD 


The processor board discussed in this article is remarkably 
easy to program thanks to an EEPROM contained in the 
68HC11 microcontroller. Expensive programmers or complex 
protocols are not required — all you need is a serial link with a 
PC. What's more, development software is available free of 
charge on two Motorola bulletin boards. 


Yas 





(actual size) 


Design by J. Scherer and A. Hermann 


OTOROLA'S microcontroller prod- 

uct range is very extensive, offer- 
ing processors which contain ROM, 
EPROM, or EEPROM as a standard 
feature. Also available on these ICs isa 
host of I/O ports. For the present pro- 
ject, the 68HC11 was chosen. The 
block diagram of this processor is 
given in Fig. 1. The CPU operates at a 
nominal bus frequency of 2 MHz, 
which equals the oscillator frequency 
divided by four. The processor is a 
‘fully static’ type, which means that it 
can work at very low clock frequencies, 
even lower than 1 Hz. 

The main sub-circuits of the con- 
troller are: a powerful 16-bit timer with 
internal prescaler; energy-saving halt 
and wait modes; a serial interface 
geared to driving 1/О components; а 
serial communication bus; an 8-bit 
counter and a real-time interrupt cir- 
cuit. Additionally, the 68HC11 used for 
the present project has an EEPROM 
memory of 256 bytes, and an 8-chan- 
nel, 8-bit A-D (analogue-to-digital) con- 
verter. The structure of the processor 
will be reverted to in greater detail 
below. 


The circuit 


The power of the concept is immedi- 
ately apparent from the sheer simplic- 


ity of the circuit diagram shown in 
Fig. 2. Apart from a clock oscillator 
based around an 8-MHz quartz crystal 
(Бі, Сі, Сә and Xj), a reset circuit (Кә, 
Сз) and two opto-isolators (IC3 and 
IC4), there is only a handful of other 
components which couple the subcir- 
cuits. Since only internal program 
memory is used, most of the 52 pins of 
the processor are available for control 
applications. This also brings out the 
main disadvantage of the concept: your 
program may not be larger than 
512 bytes! 

The processors serial interface 
arranges the communication between 
the development system and the con- 
trol computer. Via this interface, soft- 
ware is exchanged between the control 
computer and the controller board. If 
jumper JP, is not fitted, the processor 
automatically starts a small internal 
program after a reset. This routine 
waits for information to appear on the 
serial channel. Depending on the first 
byte transmitted on this channel (the 
byte must be FFy in this application), 
the serial port is initialized at 
1200 baud. The next 256 bytes trans- 
mitted are stored in the controller's 
RAM (random access memory). At the 
same time, they are returned to the 
computer via the TxD (transmit data) 
link. As soon as the 256th byte is re- 





MAIN SPECIFICATIONS 

Processor: 68HC11A1T 
RAM: 256 bytes 
EEPROM: 512 bytes 
Clock frequency: 8 MHz 
Software: freeware on bulletin board 
Communication; via А5232 port 


_ singl 





ceived (i.e., the 257th including the 
ЕҒн header byte), the serial routine is 
automatically interrupted, and the 
processor starts to execute the pro- 
gram it has just finished storing in 
RAM. This ‘bootstrap’ method is very 
useful for testing small programs. 
There is, however, another application 
for this very special feature of the 
68HC11. If the RAM is loaded with a 
program which arranges for received 
data to be stored into the 512-byte 
EEPROM, the controller can be pro- 
grammed automatically. The program 
copied into the EEPROM in this way 
remains intact until it is overwritten by 
a new program. 

After using the downloader to copy a 
user program into EEPROM, you obvi- 
ously must be able to start this pro- 
gram. The following option has been 
provided by Motorola to achieve this: 
when the first byte which appears at 
the serial input is 00;;, the CPU starts 
to execute the program contained in 
EEPROM. This requires fitting jumper 
JP). After a power-up reset, a positive 
going pulse transition appears auto- 
matically at the TxD output. This pulse 
is fed to the RxD input via electronic 
switches ICo, and ICs; (4066), and the 
closed jumper. Since electronic switch 
1Соь blocks the serial connection if it is 
closed (RxD and TxD are then inter- 
connected), the reset circuit breaks 
this connection after 15 ms, where- 
upon the serial interface is available 
again for 'normal' work. 


Building the processor 
board 


As shown in Fig. 3, the printed circuit 
board designed for the 68HC11 proces- 
sor board is compact and single-sided. 
The component mounting plan indi- 
cates that components are fitted at 
both sides of the board. Integrated cir- 
cuits ICs, ІС and IC4 аге surface- 
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Fig. 2. Circuit diagram of the 68HC11 processor board. 
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Fig. 1. Block diagram of the 68HC11A8 processor. This IC is the 'generic' HC11 processor, 
from which the А1уегвіоп (used in the present project) is a smaller derivate. 


Sub-D9 


68HC11 PROCESSOR BOARD 29) 


mount devices (SMDs), which are fitted 
at the track (copper) side of the board. 
Use thin solder wire, and a low-power 
(8 W) solder iron with a fine tip to 
mount these SMDs. Great care and 
precision should be exercised when fit- 
ting the 52-pin socket for the con- 
troller. Remember, a short-circuit is 
easily made, but difficult to trace later. 
After fitting the nine wire links, six sol- 
der pins, the jumper socket and con- 
nectors К, апа К», the remaining 
components may be fitted on to the 
board. Keep an eye on the polarity of 
the electrolytic capacitors. 

If difficult to obtain, the SMD ver- 
sions of the opto-isolators may be re- 
placed by normal size equivalents like 
the IL201, IL202 or the TIL111. А few 
short wires may be used to connect 
these parts to the respective solder 
spots originally provided for the SMD 
parts. 


Software, the key to 
success 


A vast collection of programs written 
for the 68НС11 is available free of 
charge from Motorola’s bulletin boards 
in Mtinich, Germany, telephone (+49) 
8992 103111, and in Austin, Texas, in 
the U.S.A., telephone (+1) 512 
8913733. Fortunately for readers in 
the UK, the German bulletin board 
communicates in English. The follow- 
ing programs are needed for the pre- 
sent board: 


for the downloader: 
EEPROGIX.ASC 
EEPROGIX.BOO 
EEPROGIX. REC 
E9CONFIG.BAS 


for the assembler: 
ASMHCII.COM 
ASMHCII.HLP 
CODES.ASC 
OFFSET.ASC 
RECBIN.COM 
RECBOOT.COM 
REG HC11.ASC 


for the mini-debugger: 
CONFIG.ASC 
CONFIG.BAT 
CONFIG.BOO 
MINIBUG.ASC 
MINIBUG.BOO 
MINIBUGI.BAT 
MINIBUG2.BAT 


Downloading these programs from the 
bulletin boards is fairly easy. Dial up 
using a PC, a modem and a communi- 
cations program, for instance, 
Procomm. Use the following lime set- 
tings: 2400 baud, no parity, 8 databits, 
1 stop bit. As soon as you are con- 
nected, press the ENTER key, where- 






зо] COMPUTERS AND MICROPROCESSORS 


INTRODUCING THE 68HC11 FAMILY 


Motorola’ $ 68HC11 family of microcontrollers consists of a range о 8-bit 
processors marked by a number of powerful I/O functions. The family essentially | 
consists of four members: 68HC1 1A0, 68HC11A1, 68HC11A7 and 68HC11AB8. These 
processors are manufactured in high-speed CMOS technology, which guarantees 
fast operation in combination with low power. Depending on the exact IC type, the 
on-chip memory is an 8-kByte ROM, a 512-byte EEPROM, a 256-byte static RAM, or 
a combination of these. 

The instruction set used to program these processors is an extended version of the 
one known for the ‘older’ 6800 or 6801. This enables software written for the 6800, 
6801 ог 6805 to be run on the 68HC11 without problems. 

The family is ‘built’ around the 68HC11A8, a processor with an on-chip 512- byte 
:EPROM, and a 256-byte RAM. А number of other ICs wer | 
s shown by the following table. "ou 


RAM 

(bytes) 
256 
256 512 
256 
256 512 


EPROM EEPROM | 
| "ue | (bytes) | 
68HC11A0 2 - 
68НС11А1 - 
68HC11A7 8K 


68HC11A8 8k 


Depending on the programmer's selection, the CPU has either two 8-bit wide 
accumulators, or a single 16-bit accumulator. Furthermore, there are two 16-bit 
wide index registers. Up to six addressing methods are available, including direct, 
indirect and immediate. STOP and WAIT modes are available to reduce the power 
consumption of the processor when it is not active. 

The chip also contains a 16-bit timer, which is fed by a software controlled 
prescaler. The addressing range of the external address bus is 64 KByte. 


Memory 

The largest option comprises the use of memory. The processor is capable of 
working with RAM, ROM, EPROM or EEPROM memory. The size of the ROM 
memory varies between 0 K and 32 KByte. The ROMs are mask-programmed with 
the application program during the production process. This is done by Motorola. 
Another important memory area is the RAM, whose size varies between 192 bytes 
and 1.25 Kbyte. The processor's RAM is static, and may be made non-volatile by 
backing up the supply voltage with the aid of a battery. 

The size of the EPROM area varies between 4 and 32 KByte. This section of the 
memory is particularly valuable when developing prototypes, or producing low- 
volume series. For this purpose, Motorola also supplies an OTP (one-time 
programmable) version of the processor. 

The last memory option is the EEPROM, whose size can vary between 0 and 

2 KByte. The EEPROM memory area may be used to store calibration information, 
data logging data, security codes, etc. This makes the EEPROM eminently suitable 
for quasi-permanent storage of important data. Each 68HC11 with an on-board 
EEPROM also contains the hardware necessary to program this memory. External 
hardware is not required! 


ИО options 

The processor contains an 8-channel A-D converter. All processors feature a Serial 
Peripheral Interface (SPI), which allows special І/О components having the same 
interface to be connected in a simple manner. Furthermore, there is a Serial 

Communications Interface (SCI). The operation and layout v these i terfaces is so | 
‘clever’ that they hardly load the CPU. 

The SCI is a full-duplex UART (universal asynchronous. ге 

suitable for asynchronous communication, An internal baudrate зае ми 
the UART clock frequency, which is derived from the microcontroller's clock signal. 
Both the transmitter and the receiver feature double buffering. 

The SPI is а four-wire synchronous interface designed to enable high-speed 
communication between the processor and I/O components, ог for inter-processor 
traffic. Only components having an SPI interface may be connected to this bus. 
Data may be transmitted and received simultaneously. The baudrate on the SPI is 
programmable. 

The processors have a wide variety of I/O lines available for different control 
functions. These lines may be set up as inputs or outputs by programming the Data 
Direction Register contained in the processor. Most I/O ports have a buffer. 

A built-in watchdog timer alerts the processor if something goes wrong during the 
execution of a program. All processors may be used at a supply voltage of 3 V. 





upon the Motorola bulletin board 
menu appears. Every screen tells you 
which key you should press to be able 
to continue. First, you are prompted to 
enter your name, personal password, 
and the transmission protocol used. 
After a few entries (which include ques- 
tions regarding the bulletin boards you 
wish to see — answer ‘N’ most of the 
time), the welcome menu appears, fol- 
lowed by the main menu. Type ‘D’ to 
select downloading. The program will 
ask you for a file name, and then tells 
you whether or not that file is available 
on the system. Use a protected protocol 
such as XMODEM or YMODEM to do 
the actual downloading. This is neces- 
sary to make sure that transmission 
errors are detected and corrected. 

Procomm starts downloading using 
the XMODEM protocol after pressing 
the ‘page-down’ key, and entering the 
name of the file you wish to receive. 
Files can be downloaded one after an- 
other. By contrast, in YMODEM mode, 
you make a list of all files you wish to 
download. If you are a frequent bul- 
letin board user, will have no problems 
in getting what you want from the 
Motorola databanks. None the less, a 
few alternative possibilities: in the 
main menu, you may change the 
download protocol (if necessary) by 
pressing ‘Y’. In the file menu, pressing 
тг allows you to call up the names of 
the available files. Next, you can select 
an ‘area’ by pressing “რ”, in this case, 
‘B’ for HC11 freeware. The latter option 
is certainly worth trying, because a lot 
of interesting files are available. 

Assuming that you have success- 
fully downloaded the above programs, 
a couple of small modifications have to 
be made in E9CONFIG.BAS. Line 170 
of this program contains a reference to 
ЕЕРКОСЕЭ.ВОО. This must Бе 
changed to read EEPROGIX.BOO. This 
program is the first to be copied into 
the RAM memory of the 68HC11 by the 
BASIC routine. Once started, EEP- 
ROGIX.BOO ensures that data which 
reaches the processor via the serial in- 
terface is stored into EEPROM. In this 
way, the processor is programmed with 
the application program. 

Line 180 should contain a '1' or a ‘2’ 
to point to the respective serial port on 
the PC, COMI: ог COM2:. Line 200 en- 
ables the user to select between inter- 
nal or external programming. The 
available options are T for internal, ‘X’ 
for external, and 'V' for verify. 

Line 210 should contain the name of 
the program to be sent to the con- 
troller. The extension for the program 
file name must be .REC, and the file 
should have the Motorola 519 format. 
The assembler which forms part of this 
development environment turns a 
source (.ASC) text file into $19 format 
(.REC). 
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Fig. 3. Track layout (direct reading) and component mounting plan of the printed circuit 
board designed for the development system (PCB available ready-made through the Readers 


Services). 


. 





Fig. 4. Prototype of the processor board photographed in front of a portable MS-DOS РС 
used to download development software from Motorola's bulletin board, and to communicate 
with the 68HC11 board. 


Lines 220 and 230 allow you to 
enter the desired baud rate, in this 
case, 1200. The last line which needs 
to be ‘customized’ is 1100. Replace the 
statement reading “TO% >100” with 
“TO% »5000". 

If, after starting a program, an error 
report appears telling you that a WEND 
has been encountered without an asso- 
ciated WHILE, the WEND instruction 
in line 1100 must be moved to a new 
line. 
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Program development 


If you have the hardware and the above 
utility programs, you can start devel- 
oping programs for the 68HC11. 
Source code must be written in ASCII 
format, and comply with the rules 
given in the file ASMHCII.HLP. 
Connect the 68HC11 system to your 
PC's serial port via three wires, RxD, 
TxD and ground (note: in some cases, 
RxD and TxD must be swapped). Run 


68HC11 PROCESSOR BOARD 31 


COMPONENTS LIST 


Resistors: 

В! = 1MO5 
R2:R5;R7 = 4kO7 
R3;R4 = 100kO 
R6 = 1kQ5 


Capacitors: 

C1;C2 = 22pF 

СЗ = ТыЕ 16V radial 
C4 = 330nF 
C5;C6;C8 = 100nF 
C7 = 22uF 16V radial 


Semiconductors: | 

01 = 1N4148 oe 
ІСІ = 68HC11A1 (Motorola) 
ІС2 = 74HCT 4066 (SMD) 
IC3;IC4 = 11206 or 11.207 (SMD) 


Miscellaneous: 

JP1 = 2-way pin header 

K1 = 26-way boxheader 

K2 = 20-way boxheader 

X1 = 8MHz crystal 

152-ріп PLCC socket 

8 PCB terminal pins 

1 Printed circuit board 930123 (se. 
page 70) 





E9CONFIG.BAS under QBASIC to set 
up the file exchange and EEPROM pro- 
gramming. If required, the mini debug- 
ger may be copied into the controller's 
RAM. Thanks to the bidirectional con- 
nection between the PC and the 
processor board, you get a very good 
idea of the operation of the application 
program, and the type of errors it may 
contain. 

п 


For further reading: 

HC11 MC68HC11A8 databook. 
AN1060 (application note) MC68HC11 
Bootstrap Mode. 
MC68HC11 ргодгаттег’$ 
manual. 


reference 


The above publications are available 
from the Motorola European Literature 
Centre, 88 Tanners Drive, Blakelands, 
Milton Keynes MK14 5BP. 
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THE ORIGINAL SURPLUS WONDERLAND! 


LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC COMPATIBLE | 
8088 XT - PC99 286 AT - PC286 386 АТ - PC386 












“ 640k RAM expandable • 2 serial & 1 paralle! 
with standard SIMMS ports 


* 12 Mhz Landmark speed е MS-DOS 4.01 


*2meg RAM expanded • 2 serial & 1 parallel 
by slots ports 


à * 20 Mhz with 32k cache. • MS-DOS 4.01 
• 20 meg hard disk * Co-processor socket Expandable to 64k 














• 256k ВАМ - expandable • Factory burnt-in 
















to 640k ы a " • Co-processor socket 
“ 4.7 Mhz speed keyboard pokey у 12 meg EA dud " kohanceg 102key | шта Panda * Enhanced 102 keyboard 
" " 41. -1/2" floppy ap |° 12 тед 5-1/4" floppy „ Kwik Di 
* 360k 5-1/4" floppy * 12" green screen meg “ Clock & calendar with > Kwik Disk Accelerator 
• 2 serial & 1 parallel ports included б EGA driver оп board battery back up * VGA card installed Software - FREE 
. MS-DOS 4.01 “Іп good used condition BRAND NEW AND BOXED! BRAND NEW AND BOXED! 


Optional FITTED extras: 640K RAM £39. 12" CGA colour 
monitor with card £39. 2nd 5-1/4" 360K floppy £29.95. 20 


ЕЕ only 2249.00. #425 00, 


The Philips 9СМ073 is suggested for the PC286 and the | = MONITORS. 
CM8873 for the PC 386. Either may use the SVGA MTS-9600 MONITORS 
0 n ly if a suitable card is installed. We can fit this at a cost of £49.00 14" Forefront Model MTS-9600 SVGA 
и (F) 


for the PC286 and £39.00 for the PC386. multisync with resolution of 1024 x 768. 0.28 


pitch. "Text" switch for word processing etc. 
POWER SUPPLIES 


Overscan switch included. Ideal for the PC- 
Power One SPL200-5200P 200 watt (250 w peak).Semi open даб TES АЕ 
frame giving +5v 35a, -5v 1.5а, +12v 4a (8a peak), -12v 1.5а, the оное high ет mode) Ды 
to present prime product at industry beating low prices! All units *24v 4a (ба peak). All outputs fully regulated with over voltage қ 
(unless stated) are removed from often brand new equipment protection on the +5v output. AC input selectable for 110/240 


chimedes etc. In good used condition (possible minor screen 
; "T М burns). 90 day guarantee. 15" х 14" x 12". Only............. £159(E 
and are fully tested, aligned and shipped to you with a 90 day ғас. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B) ) уз у, (E) 


14" Philips Model CM8873 VGA multisync 
















FLOPPY DISK DRIVES 
514" from £22.95 - 312" from £21.95! 


Massive purchases of standard 514" and 31/2" drives enables us 





















guarantee and operate from standard voltages and are of stand- Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v y with 640 x 480 resolution. CGA, EGA or 
ard size. All are IBM-PC compatible (if 3/2" supported). (2A). 5v @ 20A. + 12v @ 1.5A. Switch mode. New. — £59.95(B) VGA, digital/analog, switch selectable. 
3.5" Panasonic JU363/4 720K or equivalent £29.95(B) Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ Sound with volume control. There is also a 
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only* £29.95(B) 2a. -12v @ 0.1a. 6-1/4" x 4" x 1-3/4".New £22.95(B) special "Text" switch for word processing, 


3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop — £29.95(B) Greendale 19ABOE 60 watts switch mode.+5v @ 6a,t12v @ 
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B 1а,ғ-15у @ ta. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) 
360K. Absolutely standard fits most computers £22.95(B) Conver AC130. 130 watt hi-grade VDE spec. Switch mode.+5v 


і spreadsheets and the like. Compatible with 
IBM PC's, Amiga, Atari (excluding the 
monochrome high resolution mode), BBC, 















* Data cable included in price. @ 15а,-5у @ 1а,%12у 6 68.27 х 12.5x6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen 
Shugart ren SS refurbished ене d (17200 C) Boshert 13090.Switch mode. ideal for drives & system. +5V 6 a burns) 90 day guarantee. 15° x 14" x 12". Only ............... £139(E) 
Shugart 851 double sided refurbished & teste . %12у @ 2.5a, -12v @ 0.5a, -5v @ 0.5а. £29.95(B) Phili imi i ს 
Mitsubishi M2894-63 double sided switchable Farnell G6/40A. Switch mode. 5у @ 40a.Encased £95.00(C) PC cmd 9СМ073 640. x (ot identican to above кенінен 
hard or soft sectors BRAND: NEW £250.00(E) Farnell G24/5S. As above but 24v @ 5a. £65.00(C) amber or green screen selection. 14" x 12" x 13-1/2"........£99(E) 
Dual 8" drives with 2 mbyte capacity housed in a smart case KME 10" high definition colour monitors. Nice 
with built in power supply! Ideal as exterior drives! £499.00(F) BBC Model B APM Boa tight 0.28" dot pitch for superb clarity and 

























































End of line purchase scoop! Brand new NEC D2246 8" 85 £100 CASH FOR THE modern styling. Operates from any 15.625 khz 
megabyte of hard disk storage! Full CPU control and industry MOST NOVEL sync RGB video source, with RGB analog and 
standard SMD interface. Ultra hi speed transfer and access time WIN £100 composite sync such as Atari, Commodore 
leaves the good old ele interface standing In mint an CASH! DEMONSTRATABLE Amiga, Acorn Archimedes & BBC. Measures “© 
and comes complete with manual, Оп (Е) APPLICATION! only 13.5" x 12" x 11". Also works as quality Tv VI our KGB 
THE AMAZING TELEBOX! BBC Model B type computer on a board. A major purchase Telebox. Good used condition. 90 day guarantee. Only..£125 (E) 
Converts your colour monitor into a allows us to offer you the PROFESSIONAL version of the BBC KME 45 above E Pe EGA standard eC d dos £ M 
r colour monitor оно а түр comput Sa pahe oniy pres. Used as а оп end НЕ o EN EC ana corps 
> ე "system on large networked systems the architecture of the BBC Mitsubishi 0.42 dot pitch giving 869 507 pixels. Big 28 Mhz 
: зоа TV SOUND board has so many similarities to the regular BBC model B that bandwidth. A super monitor in attractive style moulded case.Full 
с e are sure that with а bit of experimentation and ingenuity many 90 day guarantee. Only ............. £129 (E) 
& VIDEO useful applications will be found for this board! It is supplied МЕС CGA 12" IBM-PC compatible. High | 
TUNER! complete with a connector panel which brings all the I/0 to 'D' quality ex-equipment fully tested with a 90 
The TELEBOX consists of an attractive fully cased mains ап BNC type connectors - all you have to do is provide +5 and day guarantee. In an attractive two tone 
powered unit, containing all electronics ready to plug into a host + 12v DC. The APM consists of a single PCB with most major ribbed grey plastic case measuring 15"L x 
of video monitors made by manufacturers such аз 125 socketed. Тһе ic's are too numerous to list but include а 13"W y 12*H, The front cosmetic bezel has 
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 6502, RAM and ап 5АА5050 teletext chip. Three 27128 been removed for contractual 
PHILIPS, TATUNG, AMSTRAD and many more. The composite EPROMS contain the custom operating system on which we reasons. Only......... £69 (е) 
video output will also plug directly into most video recorders, have no data, On application of DC power the system boots and 20", 22" and 26" AV SPECIALS 
allowing reception of TV channels not normally receivable on provides diagnostic information on the video output. On board Superbly made 'UK manufacture. PIL all solid state colour 
most television receivers (TELEBOX MB). Push button controls DIP switches and jumpers select the ECONET address and monitors, complete with composite video & sound inputs. Attrac- 
on the front panel allow reception of 8 fully tuneable ‘off air’ UHF enable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Schools, Shops, Disco, Clubs. 
colour television or video channels. TELEBOX MB covers vir- dims: main board 13" x 10°. I/O board 14" x 3”, Supplied tested Іп EXCELLENT little used condition with full 90 day guarantee. 
tually all television frequencies VHF and UHF including the Wilh circuit diagram, data and competition entry form. 20"....£135 22"....5155 26"....£185 (^ 
HYPERBAND as used by most cable TV operators. Composite £29 95 2 £53 CALL FOR PRICING ON NTSC VERSIONS! 
and RGB video outputs are located on the rear panel for direct Only и or ka for (B) Superb Quality 6 foot 40u 
connection to most makes of monitor. For complete compatibility SPECIAL INTEREST ი V = 
even for monitors without sound - an integral 4 watt audio Trio 0-18 vdc bench PSU. 30 amps. New T 470 1 Rack Cabine 


amplifier and low level Hi Fi audio output are provided as 





















Fujitsu M3041 600 LPM band printer £2950 1% * 
standard. ES S 
Telebox ST for composite video input monitors £32.95 Е TV test transmitter £ 150 т ЕЗЕ 1 Massive Reductions 
Telebox STL as ST but with integral speaker £36.50 "5. 1000ოჩ7. Complete with SBTF2 Modulator 56500 |555 Virtually New, Ultra Smart! 
Telebox MB ав ST with Multiband tuner VHF-UHF-Cablé. — Calcomp 1036 large drum З pen plotter ғ 650 5% inal 
& hyperband For overseas PAL versions state Thurtby LA 1608 logic analyser £375 [ŠSS Less Than Half Price! 
5.5 or 6mhz sound specification. £69.95 4 Skw 115v 60hz power source £ 950 | SSS Top quality 19" rack cabinets made in UK 
Telebox RGB for analogue RGB monitors (15khz) £69.95 Anton Pillar 400 Hz З phase frequency converter 75Kw POA 1 აა by Optima Enclosures Ltd. Units feature 
Shipping code on all Teleboxes is (B) Newton Derby 400 Hz 70 Kw converter POA 555 designer, smoked acrylic lockable front 
RGB Telebox also suitable for IBM multisync monitors with RGB Nikon PL-2 Projection lens meter/scope £750 % 8 door, full height lockable half louvered back 
analog and composite sync. Overseas versions VHF & UHF call. Sekonic SD 150H 18 channel Hybrid recorder £2000 door and removable side panels. Fully ad- 
SECAM/ NTSC not available. HP 7580А А1 8 pen high speed drum plotter £1850 justable internal fixing struts, ready 


Kenwood DA-3501 CD tester, laser pickup simulator Ё 350 punched for any configuration of equipment mounting plus ready 
mounted integral 12 way 13 amp socket switched mains distribu- 
Brand new and boxed 230 volts uninterruptable power supplies BRAND NEW PRINTERS lion strip male these (ads SONG of the most versatile we have 
from Densei. Model MUK 0565-AUAF is 0.5 kva and MUD Microline 183. NLO 17x17 dot matrix. Full width. £139 (D) ever sold. Racks may be stacked side by side and therefore 
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions 
are internal, MUD has them in a matching case. Times from Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D) are 77-1/2"H x 32-1/2"D x 22"W. Order as: 
interrupt are 5 and 15 minutes respectively. Complete with full. Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) Rack 1 Complete with removable side panels.......£275.00 (б) 
operation manuals............ MUK......£249 (F) MUD......£525 (а) Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" width£ 99 (D) Rack2 Less side рапеіѕ....................................... £145.00 (G) 


1992 Winter Issue of Display News now available - send large SAE - PACKED with bargains! 






No Break Uninterruptable PSU's 
















- 4 MAIL ORDER & OFFICES LONDON SHOR DISTEL © The Original ALL ENQUIRIES 

H Н Open Mon-Fri 9.00-5.30 Open Mon-Sat 9-5.30 Free dial-up database! 

$ бое Dept EL, 32 Biggin Way. Thursday till 9.00pm | 1000's of items+info on line 

დი Ss Upper N а. Д 215 Whitehorse Lane, V21, V22 & V22 bi в в г 
6000-0 PESE qv South Norwood, | Ы 





London SE19 3XF. Visa. 


London, 5Е25. - 081-679-1888 Ғах- 081-679-1927 


Ail prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government,Universities, Schools & Local Authorities 
welcome-minimum account order £30. Carriage charges (A)-£2.00. (A1)-£3.75. (B)-£5.50. (C)=£8.50. (D)=£11.50. (E)- £14.00 (F)- £18.00 (G)-Call . Scotland surcharge: сай. 
АК goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days. All guarantees on а retum to base basis.Rights reserved to 
change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash. 
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WE HAVE THE WIDEST CHOICE OF USED 


OSCILLOSCOPES IN THE COUNTRY 
TEKTRONIX 7000 SERIES OSCILLOSCOPES 
AVAILABLE FROM £200 

PLUG-INS SOLD SEPERATELY 


CHASE HFR2000 INTERFACE - Measuring 
Receiver with mains network ,,.. £1750 


















DATRON 105124 „е ге RMS. B Ge ren, 
DATRON 206: 
HEWLETT РАС 
PHILLIPS РМ2 
GPIB IEEE 

MARCONI D g 
MARCONI D £ 









OC Gums, £200 





TEKTRONIX 
PHILLIPS 
TEKTRONIX 
TEKTRONIX 
TEKTRONIX 
TEKTRONIX 
TEKTRONIX 















Only £450 
£125 
1150 
£175 
£225 






















BLACK STAR 


SOLARTRON/SCHLUMBER. 1250 FREQUENCY 
RESPONCE ANALYSER TM 







GOULD 052 
HITACHI 200 










RACAL DANA R RF P 
RACAL/DANA 9341 









TEKTRONIC 24. 
TEKTRONIC «6 
Н.Р, 1740A Oval 











BICCOTEST 7. 
FARNELL PS 












PHILLIPS PM5193 Programmable synthesizer/ 
Function Generator 0.1МН2 - SOMHZ ІЕЕЕ-488. 


MARCONI 
AVO Valve 








MARCONI 2 











г 300r 
71697 3 











EIP/DANA 5422 Мста 
RACAL/DANA 1991 Nance 
RACAL 9302 RF M I olu 


RACAL 9100 
TRIO sos & 
НР, 33: iMag Sre Sa T 
KIKUSUI. 4VM23 AC LOHE 500MM 
FARNELL ISOLATING TRANSFORMERS 
60500 240V 500A Un-Used £50 


_-___ 
ISOLATING TRANSFORMERS 5004 Un-Cased £30 



















RACAL 2995 Freq Counsel 1 
GAY MILANO wine voltage Aria убит 
Н.Р. 174:A P otter 2 pen ЧР. 
BRUEL & KJOER Vibration Exciter System 
Consisting of Exciter Control 1047: Power Amp 
2708 & Exciter Body 4802 (up to 1780M - 40011) 
OTHER B&K EQUIPMENT AVAILABLE 


SPECTRUM ANALYSERS 


Н.Р. 1411 with 8! & iF Pugin 10МН2 18007 £1800 
Н.Р. 1411 with 85541 85528. БООҚН/ 1250МН? $1300 
H.P. 1407 with 85541 & 8552А 500KH: 1250МН2 £1000 
Н.Р.14:7 with 85564 & 85528 2052 ЗООКН? £1000 
Н.Р. 1401 with 85536 & 85524 160Нё + OMHz £800 
MARCONI ТҒ2370. 1КН/ 110МН2 £1500 
Н.Р. 182C with 85588 100H7 1500МН/ £1500 











HAMEG OSCILLOSCOPE “М 1005 T" ple Trace 
De as Тілеш: 

HAMEG OSCILLOSCOPE ~М $04 Jual Те 
Deay Sweer 





£847 























е 20Мн/ 
Coroner Teste 
HAMEG OSCILLOSCOPE HM265 3 Cua 
















ace 20М-2 





| esc l'OSCODOS «სინ! ed wih 2 pranes 



















APOLLO 12 !00NHZ2 Co 





APOLLO 1 
METEOR 
METEOR 
METEOR 
JUPITOR 
ORION 

















OSCILLOSCOPE PROBES 5: ies м0 PAP ES 








Used Equipment Guaranteed- Manuals supplied if possible 
ERY SMALL SAMPLE OF STOCK. SAE or Teleoboro for :.sts. Please check ava'labillty before o-derirg CARRIAGE all units £16 


VAT то be added to Total of Goods anc Carrlage 


STEWART OF READING 
Telephone: (0734) 268041 Fax (0734) 351696 Callers Welcome 9am-5.30pm Mon-Fri (until 8pm Thurs) 
















110 WYKEHAM ROAD, READING, BERKS RG6 IPL 


80C31/51/535/515 


Programming and Interfacing with Microcontrollers; This 250+ page 
book gives a comprehensive hands-on approach to show how microcontrollers 
are programmed and Interfaced to external circuitry to perform useful auto- 
mation and control functions. A number of routines, including floating-point 
arithmetics, are included in this book and on the accompanying disk which 
also includes a crossassembler. (£65) 


FLASH; Fuzzy-LogicApplications Software Helper, is a code generator which 
creates routines and tables in the MCS-5| assembly language to implement 
Fuzzy-Logic control applications. (£ 120) 


Other related products and services are available. For more Information please 
write to the address below or just send a fax. 


KMN Developments, P-O. Box 70, Guildford, 
Surrey GU2 5ZY United Kingdom 
Fax No. *44 (0)483/570722 


7 IFAN 
7 ADVERT IS WRONG, 
Q "^ WHO PUTS ITRIGHT? 


We do. The Advertising Standards Authority ensures 
advertisements meet with the strict Code of Advertising Practice. 
So if you question an advertiser, they have to 

answer Lo us. 

To find out more about the ASA, please write to 
Advertising Standards Authority, 
Department X, Brook House, 
Torrington Place, London WC1E 7HN. A 





This space Is donated in the interests of high standards in advertisements. 
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KITS AND COMPONENTS FOR 
Elektor Electronics PROJECTS 


April 1994 (Netherlands 
68HC11 processor board 
MC68HC11A1 
11207 (SMD).......... 
74HCT 4066 (SMD) 
PLCC 52 socket..... 
Вохһеааегв.......................... i 

Disk (MSDOS) уу. 68HC11 utility 

programs (ВВ5)....................1..4.1.Ү(3” е. 27.50 


Copybit eliminator 
Kit incl. РСВ, GAL and МАСН............ 145.00 
P&P 8.50 (Europe) 
P&P 12.50 (outside Europe) 


80C535 Single-board computer 

Kit incl. ЕМОМ52 monitor EPROM, 80C535 
datasheet and 80C535 assembler course on 
disk. 

Special price:. 





Mains transmission system - 1 ‚225.00 














(Receiver) E (Europe) 
470nF 630VDC 4.00 P&P 20.00 (outside Europe) 
BZTO3C15 ... 0.85 MAX232N... isisis iis coepere 5.95 










SAB80C535N 
62256-10L .. 
12МН2 cystal 
68-pin PLCC socket 
74HC573.. 
74НС00 ... 


January 1994 
Telephone-controlled switch 
B40C1500... 

80С31... 
CNY65 
МУ8870 
V23037-A2-A101. 
VLL37157 line transformer 
3.579 MHz crystal 
12 MHz crystal... 
SK129/25.4 heatsin 


МЕ5050М.. 
MM53200N .... 

V23127-B2-A101 
707VXT1002N (Toko T1002 
LP/MCS4201 (Toko). 
МТА-1115 ............. 
Bopla case SE 432DE. 


March 1994 
100-watt AF amplifier 
Auxiliary board: 

B80C 1500. 
VTR3115... 
V23056-A105-A101. 



















Protection board: 
100pF bipolar C... 4.50 
BD679 osu 

TIC263M... 








RDS decoder w. clock/alarm 






















Amplifier board: SAA6579T see 
0.220 5W low-inductance 100nF SMA ... 

5000 multiturn 3296Y 100uH choke. 

2kQ multiturn 3296Y . 68HCOBEOFN*.. 





4.000 MHz crystal.. 
4.332 MHz crystal 
V23127-A2-A101. 
12V buzzer ............. 
68-way PLCC socket. 
Digitast press-key incl. cap 
LM018A 2x16 char. LCD. 
LC850 case 


2uF2 МКТ 50V .. 
2N2914 or eq.... 
BFX36 or eq 
BC550C. 
ВС560С. 
ВС141-1 
ВС161-1 
ВЕ256С.. 
BF256A . 
MJE15031 
MJE15030 
25С2922 
2541216 
BF869 
4N35.. 
Heatsink SK47/100/SA.. 
Spade terminal 


















P&P 10.00 (Europe) 
P&P 17.50 (outside Europe) 
* Delivery from week 10, 1994. 


December 1993 

12С power switch 

PCF8574A......... errat eoe i ea 9.50 
PCB mount 6-way mini-DIN socket .2.85 
5201502 SSR .9.85 











PSU: 
B200C35000 or eq.. 
0.10 5W 


80C535 card with EPROM emulator 
Kit, incl. LCD, PCB, GAL and PAL, 
80C535 datasheet, IC sockets............ 338.00 
P&P 12.50 (Europe) 
P&P 20.00 (outside Europe) 
Individual parts: 
LCD LM016A21 2x16 char. 
SAB80C535N 
62256-100L 
MAX232N 
7415574.. 
PLCC 68 socket 
96-way a-c row connector 
SAB80C535 datasheet.......... 








PIC programmer 
kit, incl PCB, ZIF sockets, and control 
software. Excl. сазе. ........................... 249.00 
P&P 20.00 (Europe) 
P&P 25.00 (outside Europe! 
62256 RAM or eq. 
MAX232N ............ 
9-way sub-D socket, PCB 
ZIF28 socket for 2 IC widths . 
ZIF40 socket 
Several PIC types can be supplied, min. qty 
10 pcs per type. Ask for quotations. 


February 1994 
Bidirectional RS232-Centronics converter 
MAX232N .. 
COM8017... 
36-w Centronics socket, straight 

PINS, РСВ тои... 9.50 
25-w sub-D socket, straight 

PINS, РСВ mount sse 4.25 
9-way sub-D, as above. 
6-way DIP switch. 
5-way DIP switch. 
Digitast presskey incl. cap. 
2.4576 MHz crystal. 
Pactec HPkit case ... 













Also available parts and kits for the 
following projects: Precision clock for PCs, 
VHF/UHF TV tun&r; Ah meter with digital dis- 
play, Microcontrofler-driven NiCd charger, 
Autoranging frequen ladout, MIDI chan- 
nel monitor, 950. Hz converter, PC- 
aided transistor. HF/UHF receiver, 
4Mbyte printer Video digitizer, 
1.2GHz multifuncti frequency meter, 
Audio DAC, AVP300 audio/video processor, 
GAL programmer; NICAM decoder, & more. 
Too Hot To Handle: AS SAT5601, 49.75; 
UV616S/6456, 109.00, UV816PLL, 99.00; 
SAB80C535N, 32,50; МЕ605/15, 17.50; G1968, 
01962, 69253, 9.85 each, KACS1506, 4.75. 




























We һауе much more than сап be listed here SEND FOR COMPLETE PRICE LIST 





C-I Electronics . Р.О. Box 22089 . 6360 AB Nuth - Holland 
Fax*: (+31) 45 241877 
* Faxed enquiries may:be answered by mall. Pledse always fax your complete address: 

Enclose one IRC with all correspondence. Prices are in Dutch guilders (NLG), subject to 
change without prior notice, and exclusive of postage and packing. No currencies other than 
NEG (Netherlands Guilders) accepted. 

Private customers in EEC countries add BTW (sales tax) at 17.6%, then P&P; Companies and 


institutions: please state your Intrastat VAT number. 
Goods sent by airmail, recorded delivery. No C.O.D. orders. 
P&P components: МЕС 12,50 (outside Europe); МЕС 8.50 (Europe). P&P kits: as advised: 


VISA - MASTER - ACCESS - EUROCARD orders welcome 


80С535 HARDWARE/ASSEMBLER 


COURSE 


PART 2: A-D CONVERTER AND WATCHDOG 


Analogue-to-digital (A-D) 
converter 


The analogue-to-digital converter con- 
tained in the 80C535 microcontroller is 
a complex unit. The structure is given 
in Fig. 4. The operation of the ADC is 
controlled via two special registers. The 
primary control register is located at 
address OD8H, and is called ADCON. 
Bits O, 1 and 2 in this register control 
the multiplexer connected ahead of the 
A-D converter proper. These bits deter- 
mine which input line on port P6 is 
connected to the ADC input for the 
next conversion cycle. The ADC mode 
is controlled by bit 3 in the ADCON 
register. If the bit is set to O, the ADC 
stops after each conversion. If the bit is 
set to 1, the ADC operates continu- 
ously. 


Software by Dr. M. Ohsmann 


Block Diagram of the A/D Converter 





Baud System 
Rate Clock 
Enable Enable 


P6 (00BH) [^ 
[m > 


AN-Input 
Select 


Busy Conver- 
Flag sion 
Mode 











Рог! 6.0-7 | 


Multiplexer 
Varer 9————— 

Fd Internal Reference Voltages 

Моо 2—— 


"ПТ 
| 





ierant 


ADCON (9089) 


ADDAT (009H) 


— 
Result 
Ы ames 


| 
Манас 


Internal Bus SAB 80515 








i | DAPR (ОРАН) 
4 | 3 |) 2 | то s >. 
Е დბ ан 74 


Programming 


Bit 4 in the ADCON register is a 
BUSY flag, which can only be read. 
When at 1, this bit indicates that a 








Programming 





ELT 


Int AREF Viet AGNO 


conversion is in progress. Shortly af- 
terwards, it returns to 0. An A-D con- 
version lasts 14 machine cycles, or 
14 us at a CPU clock frequency of 
12 MHz. Once the BUSY flag is at 0, 
the result of the A-D conversion may 
be read from an SFR called ADDAT at 


92015213 ~ 





Fig. 3. Structure of the analogue-to-digital converter (ADC) contained in the 80C535. 


vider, which is controlled via an SFR 





IVAGND Bits3to0 Bits 7 to 4 
address O9DH. called DAPR at address ODAH. The IVAREF (IVAGND) (IVAREF) 
The ADC has a resolution of 8 bits. lower nibble of DAPR (bits 0 through 3) 
A special feature of the 80C535 is the allow the lower limit, IVAGND, of the 0 0000 dd 
reference voltage selection, which voltage converter window to be pro- 
makes the ADC a very flexible unit. The grammed, while the higher nibble 0.3125 0001 Uu 
80C535 requires an external reference (bits 4 through 7) programs the upper 0.625 0010 m 
voltage of 5 V, which is connected via limit, IVAREF, of the window in steps 0.9375 0011 me 
pin 12 (VAGND, reference voltage of (VAREF/VAGND)/16. The values 1.25 0100 0100 
ground terminal) and pin 11 (VAREF, listed in Table 3 are obtained at 1.5625 0101 0101 
reference voltage positive terminal). VAGND=0 V and VAREF-5 V. 1.875 0110 0110 
For the maximum values of the refer- The conversion window must have a 2.1875 0111 0111 
ence voltage, please refer to the de- minimum 'size' of 1 V. A window size of 2.5 1000 1000 
scription of the 80C535 single-board 0-5 V is obtained by loading DAPR with 2.8125 1001 1001 
computer, and the SAB80C535 the value 0000 0000B. Similarly, a р 
datasheets. value of 1000 0100B results in a win- 9,125 1010 1010 
For the experiments discussed іп dow size of 1.25-2.5 V. The 8-bit ADC 4.4375 1011 1011 
the present course, the SBC supply uses the window so created, and di- 3:75 1100 1100 
voltage (5 V) is used (as determined by vides it into 256 parts. Assuming а 4.0625 — 1101 
jumpers JP3 and JP4), which means window size of 0-5 V, a voltage of 2.5 V 4.375 -- 1110 
that no additional parts ог external at the A-D converter produces ап out- 4.68754 is 1111 
supplies are required. The internal ref- put value of 128, or O80H, in the 5.0 M 0000 
erence voltage used by the ADC is de- ADDAT register. The same input volt- 
rived from the external reference with age would produce a value 255, or Table 3. ADC window size depending on 


the aid of a programmable voltage di- 


OFFH, if a window size of 1.25-2.5 V 


IVAREF and IVAGND programming. 
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were defined. Interestingly, a 10-bit 
converter may be realized by setting up 
four windows with a size of 1.25-V 
each. This will be reverted to below. 
An A-D conversion operation is 
started as follows. First, write the de- 
sired window size into DAPR. Next, the 
ADC converts the voltage level on the 
channel selected via АПСОМ. 
Meanwhile, the BUSY flag is set. The 
result of the conversion is available for 
reading as soon as the BUSY flag has 
returned to 0. Incidentally, it is possi- 
ble to convert alternating voltages (of 
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digital input lines left on P6. 

Armed with the above knowledge, 
you should be able to understand the 
operation of the example program 
given at the end of the article on the 
80C535 computer. A further example 
covering the use of the ADC in the 
80C535 is discussed below. 


A 10-bit A-D converter in 
software 


The flow-chart of a program that turns 
the 8-bit ADC contained in the 80C535 





80C535 PROGRAMMING 


You need the following to be able to 
follow the 80C535 hardware/assembler 
course: 


Hardware: 

- An 80C535 single-board computer as 
described in Elektor Electronics 
February 1994. 

- An IBM PC or compatible with a serial 
port on СОМ?: or COM2:. 


up to 5 kHz according to the into a 10-bit converter is given in Software: 
datasheets), but only if the source im- Fig. 5, while the assembly language -Courseware disk (5.25 inch, 360K 
pedance of the voltage source driving listing is shown in Fig. 6. The main MSDOS format). 


the ADC input is smaller than 5 kQ. 
This is necessary to enable the charge 
contajned in the internal capacitance 
of the ADC to be reversed within the 
so-called LOAD time of three machine 
cycles. The lines of port P6 (analogue 
input lines) may also be interrogated 
directly at address ODBH (not bit-ad- 
dressable). For example, if you need 
only two analogue inputs, you have six 


ENABLE 
SYSCLK 
LOOP 


SEND TEXT 
"VALUE=" 


OUTPUT 
ADUAL 


FETCH 
CONVERSION 
RESULT 


DETERMINE 
HIGH-ORDER 
BYTE OF 
10-8IT VALUE 
(in accum) 


FETCH NEW 
WINDOW FROM 
TABLE 


START AD 
CONVERTOR 


RESULT GiVES 
LOW-ORDER 
BYTE OF 
10-ВІТ VALUE 
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program starts at the MAIN label. It 
switches the system clock on to port 
line P1.6 (this is done for test pur- 
poses), and sets variable Channel to O. 
This variable contains the channel to 
be converted later by AD1OBIT, the A-D 
converter subroutine proper. Next, the 
main program calls  subroutine 
ADIOBIT, which does the actual con- 
version, and stores the result into a 


****** EASM52 APER LISTING (535ХМР03) ***** 
LINE LOC OBJ SOURCE 
535XMP03.A51 

10 Bit A-D converter 


0000 ; 
0000 

0000 : 
0000 # 
0000 $ 
0000 
0000 
0000 


80535 SFRs definition 


ADCON EQU OD8H 
ADDAT EQU OD9H 
DAPR EQU ODAH 
0000 j 
0000 

0000 ; 
0000 
0050 
0051 
0053 
0053 
4100 
4103 
4106 
4109 
4108 
410L 
4110 
4113 
4116 
4118 
4118 
4112 
411C 
411E 
4116 
4121 
4123 
4124 
4126 
4129 
412C 
412E 
412F 
4130 
4132 
4134 
4137 
4138 


ORG 
Channel DS 
ADval DS 2 


050H 
1 


ORG 
MOV 
MOV 
MOV 
ACALL 
LCALL 
MOV 


4100H 
ADCON, #010 
Channel, #0 
DPTR, #TXT2 
STXT 
AD1OBIT 
RO, #ADval 
MOV COMMAND, fc 
LCALL MON 

SJMP LOOP 


MAIN 


з кә кә кю м кюю Мз 


AD10BIT MOV 
ORL 
ANL 


MOV 


A,Channel 
A, #00010000 
A,#00111111 
RO,A 

MOV A, ADCON 
ANL A,#11000000 
ORL A,RO 

MOV ADCON,A 
MOV -DAPR, #0 

JB ADCON.4,BSY 
A,ADDAT 

A 


n 


SEFE 


A 

А,#3 
ADval+1,A 
DPTR, #TABLE 
A, @A+DPTR 
DAPR,A 
ADCON.4,BSY 
A,ADDAT 
ADval+0,A 





1 
2 
2 
1 
1 
1 
1 
1 
2 
2 
11 
2 
1 
1 
2 





; 

TABLE] 010000008 ; 
100001008 ; 
110010008 ; 


00001100B 


; 0.00 


; 2.50 
2 3.75 


+ ЕМОМ52 system ЕРВОМ, fitted on 
80C535 SBC. 


The courseware disk and EPROM are 
available as a set under order code 6221. 
The disk is also available separately under 
order code 1811. For prices and ordering 
information, see page 70. 


JOIN THE COURSE! 


* 


Internal RAM definition 


; Start address in internal RAM 
: Channel number with AD conversion 
7 10 bit measured AD value 


; Program starts at 4100H 
00000B ; Switch on SYSCLK on P1.6 


; Send text 
} 10 bit converter subroutine 


CdRO16 ; Output ADval as decimal value 


; Fetch channel number 
B ; Mode: single conversion 
B 
; Save 
? Fetch old mode word 
B ; Reset AD part 
; And set anew 
; And set as mode 
; Start conversion 0-5.0 volt 
1 ; Wait until ready 
; Fetch result 
; Shift high-order bits to 
i low-order bits 
; Two most significant bits 
? Store most significant byte of 10 bits 
1 ; and use as table offset 
; Fetch new AD converter range 
; Start conversion 
2 ; Wait until ready 
; Fetch result 
; is low-order byte of 10 bit value 


- 1.25 Volt 
- 2.50 Volt 
- 3.75 Volt 
- 5.00 Volt 


1.25 


13,10,'Values',0 


; Function-codes etc. for 
CcSTXT 
ссӣко16 
СОММАМО 
MON 


002H 
005H 
030H 
0200H 


EQU 
EQU 
EQU 
EQU 


02 [2] STXT 
oo [2] 


75 30 
02 02 


Mov 

LJMP MON 

END 
Symbols) **S4xxkk 
:00D9 DAPR :00DA 
14100 LOOP :4106 
14132 TABLE] :4142 
:0005 COMMAND :0030 


###4##4444 SYMBOL TABLE (17 
ADCON :0008 ADDAT 
ADval :0051 MAIN 

BSYl :4129 BSY2 
сс8ТХТ :0002 CCdRO16 
STXT :414F 


COMMAND , &CCSTXT 


MONITOR calls 


: send text 

; send 16 bit value @RO decimal 
+ MONITOR: command location 

; MONITOR: jump address 


+ MONITOR: set command 
; jump to MONITOR (RET from there) 


Channel 
AD10BIT 
TXT2 
MON 


:0050 
34118 
34146 
:0200 





Fig. 5. Flow chart of 10-bit analogue-to-digi- 
tal converter program. 


Fig. 6. By means of a clever division of the internal reference voltage into four sub-ranges, 
this program implements a 10-bit A-D converter (535ХМРОЗ on course diskette). 
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16-bit variable called Adval, located in 
the internal RAM of the 80C535. The 
conversion result is output in decimal 
notation by the main program via the 
16-bit decimal output subroutine in 
the EMON52 monitor. Once that is 
done, the main program starts again 
(at LOOP), and continues infinitely. 

In subroutine ADIOBIT, the ADC is 
first switched to single conversion 
mode, and to the channel indicated by 
the respective variable. When program- 
ming the ADC mode and channel num- 
ber, care should be taken to mask 
bits 6 and 7 which control the bau- 
drate generator and the system clock 
output. This is achieved by first fetch- 
ing the contents of ADCON (line 31), 
and then changing the desired bits 
only with the aid of ORL and AND in- 
structions. Next, the ADC (with a win- 
dow size of 0-5 V) is started by the 
instruction in line 35. The loop in 
line 36 waits for the conversion opera- 
tion to finish by constantly monitoring 
the BUSY bit. Once the conversion is 
done, the result is fetched. Bits 6 and 7 
of the result indicate one of four ranges 
in which the input voltage lies. The 
four ranges are 0-1.25 V, 1.25-2.5 V, 
2.5-3.75 V and 3.75-5 V. Two rotate in- 
structions move these two bits to posi- 
tions 0 and 1 in the accumulator. The 
word so created forms the higher order 
byte of the total result, and is stored at 
address ADval«1. Next, the A-D con- 
version is started using the relevant 
window. The control words to be loaded 
into DAPR for this purpose are con- 
tained in a look-up table (label: 
TABLEI). The two bits already estab- 
lished are used as indices for access to 
the table (lines 42 and 43). The second, 
‘fine’, A-D conversion is started in 
line 44, and BUSY is monitored as be- 
fore to wait for the conversion to finish. 
The result yields the lower-order byte 
of the total result, and is stored at ad- 
dress ADval+0. That completes the full 
10-bit conversion. 

The program processes the voltage 
at analogue input O (K6 pin 3), and 
outputs the voltage level as a decimal 
value via the V24 serial channel to the 
PC. Clearly, the A-D converter de- 
scribed is only suitable for very slowly 
varying voltages, since two conversions 
are performed, during which the input 
voltage must remain the same. Tests 
on several 80C535 controllers have 
shown that the internal ADC is subject 
to fairly large tolerances. For example, 
even a direct connection of the ana- 
logue input to VAREF failed to produce 
the full-scale value of 1023. Instead, a 
lower value was obtained, which also 
appeared to vary between the chips 
tested. For applications demanding 
high accuracy, it is, therefore, better to 
use an external converter. 


COMPUTERS AND MICROPROCESSORS 


****** EASM52 ASSEMBLER LISTING (535ХМР04) 
LINE LOC OBJ T SOURCE 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
4100 
4100 
4102 
4104 
4106 
4106 
4200 
4200 
4202 
4204 
4206 
4208 


2 535XMP04.A51 
; Watchdog test 


ТЕМО EQU ОАЗН 
ТЕМ1 EQU OB8H 


: Functions 


CCSTXT 
COMMAND 
MON 


EQU 
EQU 
EQU 


002H 
030H 
0200H 


ORG 
EQU 5 

SETB ІЕМ1.6 
ACALL SNDOK 
SJMP ТОР 


4100H 
MAIN 


LOP 


ORG 4200H 
EQU $ 

SETB ТЕМ1.6 
ACALL SNDOK 
SETB IENO.6 
SETB ІЕМ1.6 
SJMP LOP2 
420A 
420A 
420D 
4210 
4213 


i 
13 SNDOK 
02 
00 


20 


MOV 
MOV COMMAND, 
LIMP MON 

"ок 7,0 








4B TXTO DB 
4217 

****x***** SYMBOL TABLE (11 

IENO :00A8 ТЕМ1 

МОМ :0200 

LOP2 :4202 


END 


:00B8 
24100 
:420А 


CcSTXT 
MAIN 
SNDOK 


LOP 
TXTO 


DPTR, #TXTO 


KKK RAK 


} 80C535 Special Function Registers 


codes for MONITOR calls 


: Send text 
: MONITOR: command location 
; MONITOR: jump address 


; First program starts at 4100H 
; Send text OK 

; and do again 

; Second program starts at 4200H 


; Send text OK 
; Reset watchdog 


; Send report OK 
; MONITOR: set command 
: jump to MONITOR (RET from there) 


fccSTXT 


Symbols) **xx*kkkk 


10002 COMMAND 


MAIN2 


20030 
:4102 :4200 


14213 





Fig. 4. Program 535ХМРО on your course disk teaches you the basics of the 80C535's watch- 


dog. 


Watchdog 


To enable uninterruptable systems 
(also called no-break systems) to Бе re- 
alized more comfortably, the 80C535 
features an on-board watchdog timer. 
This is basically a 16-bit counter which 
generates a processor reset if an over- 
flow occurs. The watchdog is started by 
setting bit 6 in the ІЕМІ SFR at ad- 
dress OB8H. Once started by software, 
the watchdog can not be halted. At a 
clock frequency of 12 MHz, a CPU reset 
is generated after 65,536 us. 
Obviously, that can only be prevented 
by the program resetting the watchdog 
timer to O in time. This is achieved by 
setting bit 6 in IENO and bit 6 in IEN1 
by two successive (!) instructions. 

A correctly operating program must 
always ensure that the watchdog is 
reset in time. Once the program 
crashes, it is likely that the watchdog 
is no longer reset. The result is that the 
entire CPU is reset by the watchdog, 
and the program is automatically 
restarted. It is possible to use software 
to determine whether or not a reset 
was triggered by the watchdog by ex- 
amining bit 6 in the IPO register (ad- 
dress O9AH, not bit-addressable). if 
this bit is at 1, the CPU was reset by 
the watchdog. 

The use of the watchdog in 80C535 
assembly language is illustrated by the 
listing in Fig. 7. This program, 
535XMPO04.A51 (found on your course 
disk), shows a ‘faulty’ subprogram 
which does not reset the watchdog, 
and starts at address 4100H. A cor- 
rectly working program starts at ad- 


dress 4200H. 

What happens if the program at 
4100H is started after a reset caused 
by the watchdog? Care should be taken 
not to reset the watchdog by a periodi- 
cally actuated interrupt routine. That 
is because the correctness of the inter- 
rupt routine is no guarantee that the 
main program is stil running cor- 
rectly. Implementing a truly ‘no-break’ 
system is quite taxing to the program- 
mer!. 

What happens when the quartz 
crystal oscillator fails? No provision 
has been made in the 80C535 to detect 
this, and for the highest possible relia- 
bility it is, therefore, recommended to 
employ an external watchdog. The 
80C537 has a few interesting features 
in this respect. 


Next time: The 80C535's timers and 
their use in time measurement and 
pulsewidth modulation. Also a brief in- 
troduction into the use of interrupts. 


Note: in response to readers' enquiries 
we would suggest the following suppli- 
ers of the SAB80C535 microcontroller: 


» Electrovalue, Unit 3, Central Trading 
Estate, Staines TW18 4UX, England. 
Tel. (0784) 442253, fax (0784) 
460320. 

» C-I Electronics, P.O. Box 22089, 
6360-AB Nuth, Holland. Fax: (+31) 
45 241877 (IC supplied incl. free 
datasheet). 

C-I Electronics also supply kits of the 

80C535 computer. tech. ed. 
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMEHRS- 
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 


OMP MOS-FET POWER AMPLIFIERS 
HIGH POWER, TWO CHANNEL 19 INCH RACK 


THOUSANDS PURCHASED 
BY PROFESSIONAL USERS 


THE RENOWNED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W) 


MXF600 (300W + 300W) MXF900 (450W + 450W) 

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN 
FEATURES: *independent power supplies with two toroidal transformers * Twin L.E.D. Vu meters ж 
Level controls X Illuminated on/off switch ж XLR connectors * Standard 775тУ inputs ж Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low 
distortion ж Aluminium cases * MXF600 8 МХҒ900 fan cooled with D.C. loudspeaker and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:- MXF200 W19"xH3"2" (2U)xD11” 
МХҒ400 W19"xH5"4" (3U)xD12" 
MXF600 W19"xH5%4" (3U)xD13" 
MXF900 W19"xH5*4" (3U)xD14*4" 
PRICES:-MXF200 £175.00 MXF400 £233.85 
MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 


OMP ХОЗ STEREO 3-WAY ACTIVE CROSS-OVER) 


Advanced 3-Way Stereo Active Cross-Over, housed in a 19” x 1U case. Each channel has three level controls: 
bass, mid & top. The removable front fascia allows access to the programmable DIL switches to adjust the 
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass invert switches 
on each bass channel. Nominal 775mV input/output. Fully compatible with OMP rack amplifier and modules. 


Price £117.44 + £5.00 P&P 


ARTELE: % ECHO & SOUND EFFECTS* 


STEREO DISCO MIXER with 2 x 7 band 
L & R graphic equalisers with bar graph 
LED Vu meters. MANY OUTSTANDING 
FEATURES:- including Echo with repeat & 
speed control, DJ Mic with talk-over 
switch, 6 Channels with individual faders 
plus cross fade, Cue Headphone Monitor. 8 
Sound Effects. Useful combination of the 
following inputs:- 3 turntables (mag), 3 
mics, 5 Line for CD, Tape, Video etc. 


Price £144.99 + £5.00 P&P | SIZE: 482 x 240 x 120mm 
PIEZO ELECTRIC TWEETERS - MOTOROLA 


Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved 
transient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required 
these units can be added to existing speaker systems of up to 100 watts (more if two are put in series. FREE 
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. 
‚ ТУРЕ ‘A’ (KSN1036A) 3” round with protective wire mesh. Ideal for 
- bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. 
TYPE “В” (KSN1005A) 37.” super horn for general purpose speakers, 
disco and P.A. systems etc. Price £5.99 + 50p P&P. 
ТУРЕ ‘С’ (KSN1016A) 2”х5” wide dispersion horn for quality Hi-Fi sys- 
tems and quality discos etc. Price £6.99 - 50p P&P. 
TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn. Upper frequency 
response retained extending down to mid-range (2KHz). Suitable for high 
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 
ТУРЕ ‘Е’ (KSN1038A) 334” horn tweeter with attractive silver finish trim. 
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 
LEVEL CONTROL Combines, on a recessed mounting plate, level control 
and cabinet input jack socket. 85x85mm. Price £4.10 — 50p P&P. 


ibl FLIGHT CASED LOUDSPEAKERS 


A new range of quality loudspeakers, designed to take advantage of the latest 
speaker technology and enclosure designs. Both models utilize studio quality 
12" cast aluminium loudspeakers with factory fitted grilles. wide dispersion 
constant directivity horns. extruded aluminium corner protection and steel 
ball corners, complimented with heavy duty black covering. The enclosures 
are fitted as standard with top hats for optional loudspeaker stands. 


POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz 


ibl FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR 
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR 


SPECIALIST CARRIER DEL. £12.50 PER PAIR 


OPTIONAL STANDS PRICE PER PAIR £49.00 
Delivery £6.00 per pair 
Е THREE SUPERB HIGH POWER 
IN-CAR STEREO BOOSTER AMPS) CAR STEREO BOOSTER AMPLIFIERS 
і აას 150 WATTS (75 + 75) Stereo, 150W 

Bridged Mono 
250 WATTS (125 + 
Bridged Mono 
400 WATTS (200 + 200) Stereo, 400W 
Bridged Mono 
ALL POWERS INTO 4 OHMS 
Features: 
Ж Stereo, bridgable mono * Choice of 
high & low level inputs * L & R level 
controls * Remote on-off ж Speaker & 


125) Stereo, 250W 





PRICES: 150W £49.99 250W £99.99 
400W £109.95 P&P £2.00 EACH 


POSTAL CHARGES PER ORDER £1.00 MINIMUM. OFFICIAL 

ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC. 

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND 
ACCESS ACCEPTED BY POST, PHONE ORFAX. 
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SERVICE x LARGE (Ad) S. 60 STAMPED FOR CATALOGUE х 


аа: SUPPLIED READY BUILT AND TESTED. 


These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby market i.e. Industry, Leisure, Instrumental and Hi-Fi 
eic. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink, glass fibre P.C.B. and 
drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP/MF 100 Mos-Fet Output power 110 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 45V/uS, 
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 123 x 60mm. 
PRICE £40.85 + £3.50 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 300 x 155 x 100mm. 

PRICE £64.35 + £4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 60V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110 dB. Size 330 x 175 x 100mm. 

PRICE £81.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 75V/uS, 
Т.Н.О. typical 0.001%, Input Sensitivity 500mV, 5.М.Н. 
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti-Thump Delay. Size 385 x 210 x 105mm. 
PRICE £132.85 - £5.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3d8, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti-Thump Delay. Size 422 x 300 x 125mm. 

PRICE £259.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR РЕС. 


LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH 
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E. 
(60p STAMPED) FOR COMPLETE LIST. 


McKenzie and Fane Loudspeakers are also available. 


INSTRUMENTS DISCO, ET 


ALL EMINENCE UNITS 8 OHMS IMPEDANCE 

8" 100 WATT R.M.S. ME8-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO. 

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 - £2.00 P&P 
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID. 

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 - £2.50 P&P 
10" 200 WATT R.M.S. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID. 
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 - £2.50 P&P 
12" 100 WATT R.M.S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR. 
RES.FREQ. 49Н2, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 - £3.50 P&P 
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE 
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 - £3.50 P&P 
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID. 

RES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 - £3.50 P&P 
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC. 
RES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE £70.19 ~ £3.50 P&P 
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 46Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P 
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR. 

RES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 P&P 


EARBENDERS:- HI-FI, STUDIO, IN-CAR, ЕТС 


ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped 4: 4 & В ohm) 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND 

8” 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P 
10” SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P 
10" 100WATT EB10-100 BASS, HI-FI, STUDIO. 

RES. FREQ. 35Hz, FREQ. RESP. ТО 3KHz, SENS 96dB. 

12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. 
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 · £3.50 P&P 
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 

5'4" 6ОМАТТ ЕВ5-6ОТС (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. 

612” 60WATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB. 

8" 60WATT ЕВВ-бОТС (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC. 
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 - £1.50 P&P 
10" GOWATT ЕВ10-6ОТС (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC. 

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICE £16.49 - 62.00 P&P 


RANSMITTER HOBBY KIT 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 
ЗМ TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL sui 
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V à 0.5AMP. 
PRICE £14.85 - £1.00 P&P 
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH 
VERY SENS FET MIC, RANGE 100- Sm E 56 სა Amm. SUPPLY SV BATTERY. 


LOUDSPEAKER 


PRICE £30.39 + £3.50 P&P 


PRICE £9.99 + £1.50 P&P 


PRICE £10.99 - 1.50 P&P 


PHOTO: 3W FM TRANSMITTER 


B.K. ELECTRONICS 


UNITS 1 & 5 COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. 552 6TR. 
Tel: 0702 - 527572 Ғах.: 0702 -420243 















M nome your 
electronics 
BS know- how 

! and skills 


Practical creativity in electronics 
The speed and intensity with which elec- 
tronics penetrates our daily lives at home, 
at work, or in our car, tends to make us 
forget that we can use electronics cre- 
atively by building designs with a practi- 
cal application and having the satisfac- 
tion of a successfully finished project. 
Elektor Electronics, which is distributed 
all over the world, can help you achieve 
these goals. Throughout the year, the 
magazine features original construction 
projects, informative articles and news 
on the gamut of electronics, science & 
2 technology, book reviews and informa- 
tion on new products. 


229287” 


you wish to increase your electronics know-how and skills, take out an annual 


subscription to Elektor Electronics by filling in the order form on page 71 or writing or 
telephoning to the address below. You will then not only 


have the convenience of having the magazine delivered to 
your home and the peace of mind that you will not miss any 
issue, but you will also save money compared with buying 
the magazine from a bookstall: the price of a subscription 
in Britain for the 11 annually published issues is the 


same as the average price of 10 issues bought from a 
bookstall. Rates are shown on page 72. 









World Wide Subscription Service Ltd, 
Unit 4, Gibbs Reed Farm, 
Pashley Road, TICEHURST, 

East Sussex TNS 7HE, England 
Telephone (0580) 200 657 (National 
or +44 580 200 657 (International) 
Fax (0580) 200 616 (National) 
or +44 580 200 616 (International) 





= 
: READERSHIP SURVEY 


In the few years that have elapsed since our previous Readership Survey, Elektor Electronics has under- 
gone a number of changes to keep in step with the rapidly changing pace of the electronics world and to 
take account of the many wishes, comments and criticisms you, the readers, have sent us in those 
years. To make sure that we continue in the direction that you want, please take a few minutes of your 
time to answer the following questions by ticking the relevant box and post the completed form to 
Elektor Electronics (Publishing) 

Readership Survey 
FREEPOST 
P O Box 1414 
Dorchester DT2 8YH 
England 

No postage is required if the form is posted in the United Kingdom 


What areas of electronics are of most interest On average, do you read in Elektor 









































Power supplies 
General applications 


How do you usually obtain Elektor 
Electronics? 


: to you? Electronics 

: 1 Audio & hi-fi 28 АП advertisements LI 
: 2 Electronics & music 29 Most advertisements LI 
З Radio, TV & video L] 30 Afew advertisements Li 
: 4 Computers LI 31 No advertisements at all LI 
: 5 Test & measurement 

: 6 

i 





ГІП 





How interesting do you rate the following? 32 On subscription 


| LI) 


33 From а newsagent 
very fairly not 34 From а specialist electronics shop 
8 Construction projects | 35 Borrow from а library, colleague, friend 
9 Informative articles on 
a) general electronics 
































How long have you been a regular reader of 









































b) radio, TV & video | Elektor Electronics? 

c) computers | l 
: d) test & measurement i E 36 A few months [1 
ге) audio & hi-fi | 37 Abouta year m 
|f physics í 38 Several years [] 
: g) general science წ МЫЗ cu 39 More than 5уеагв Г] 











10 Application notes 
11 Courses | E 

















How many other people read your copy of 

















































































































12 Electronics scene (news) ul LI LI Elektor Electronics? 
13 Events | | | 
14 Book reviews | | 40 None g 
15 New products 41 One other = 
: 16 Letters 42 Several others N 
: n LI 191 ა 
What do you look for in advertisements? What are your reasons for buying Elektor 
_ Electronics? 
17 Components LI 
18 Test & measuring equipment C] 43 Appealing cover 
: 19 Computer hardware LI 44 Interesting articles О 
| 20 Computer software LI 45 Advertisements 
21 Audio & hi-fi equipment LI 46 My occupation м 
22 Radio, TV & video equipment О 47 My study LI 
23 Tools LI 48 My hobby LI 
: 24 Books 
| On average, do you read їп Elektor Electronics 
2-25 Allarticles 
26 Most articles LI 
y : T PTO 
27 A few articles E 
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How many other specialist periodicals do Your general education 


you read regularly? 





57 CSE/O Level 
1 2-3 more 58 А Level/High School 
49 L) 59 University degree t] 









































Is electronics your 


50 Profession? p 

51 Study? 60 Afew months 

52 Hobby? 61 Abouta year g 
62 Several years g 


If you are a subscriber, for how long? 












































ae 4 Ж M 
Your education in electronics | 93 More thans years 


Where do you live? 

























































































53 Corporate engineer LI 
54 Professionally qualified LI Г] Scotland ONIreland (North England 
55 No formal qualifications O East England ГІ Midlands 0 West England 
56 Still studying О Wales SE. England O SW England 
Eire Europe Outside Europe 
Please use this space for any further comments. 
Thank you! 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 


80C32 Single Board Controller 


For instrument design, embedded 
control, automation and educational. 


e Intel BASICS2 Interpreter. 
ө Battery, 5V regulator, 82C55A Port. 
ө Low Power CMOS design. 
e Fully stuffed with 64КВ RAM. 
e RS232C and RS485. 
e Aux RS232C for software UART. 
e 9cm x 12cm size. 
e System Diskettes 
e 48 ditigital I/O 
lines. 
e Includes 
application notes. 


Vitek Enterprise 
Tampines South P. O. Box 0490 
Singapore 9152. 

Tel: 65-2913221 Fax: 65-7881373 





Short Wave Listeners Clubs Hobbyists & ხეას) _ 





A range of Printed Circuit Boards in stock from many of the Projects in Magazines 
PRACTICAL WIRELESS О SHORT WAVE MAGAZINE О ELEKTORO HRT 
RADIO COMMUNICATION 
Kits Projects and Materials for manufacturing your own boards. Artwork and Plotting from 
your own Schematic drawings and also C.A.D. facilities. We supply ONE OFF Prototypes 
Phone between 9.00am and 5.30pm Monday to Friday for helpful advice and assistance 
Club talks and demonstrations of Printed Circuit Board manufacture QRP involvement etc 


021-353 9326 


87, Blackberry Lane, Four Oaks, Sutton Coldfield. B74 4ЈЕ 


(Please mention where you spotted this advertisement) 








BADGER რდა BOARDS 


Printed Circuit Boards for Amateur Radio Schools Colleges 








IF AN 
Ў Г “ADVERT IS WRONG, 
Q Y WHO PUTS IT RIGHT? 


id 


We do. The Advertising Standards Authority ensures 
advertisements meet with the strict Code of Advertising Practice. 
So if you question an advertiser, they have to 
answer 10 us. 
To find out more about the ASA, please write Lo 
Advertising Standards Authority, 
Department X, Brook House, 
Torrington Place. London WC1E 7HN. 


This space Is donated in the interests of high standards In advertisements. 
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| SOMAIIAVAUS | 


A SMALL SAMPLE OF OUR RANGE EAS e 


ROOM TRANSMITTER RT1 An extremely 
sensitive miniature transmitter with long battery life. 
Dimensions: 20 x 20mm 


MAINS TRANSMITTER MT4 Can be connected 
inside any equipment that is mains powered. 
Dimensions 35 x 20mm 


TELEPHONE TRANSMITTER TTS Small enough 
to conceal within a telephone. Will transmit both sides of 
a conversation (series connection) 

Dimensions: 10 x 20mm 


TELEPHONE SOCKET TRANSMITTER TSTS 
Replace your telephone socket with this one within 
which a transmitter has been concealed. 


ROOM AND TELEPHONE TRANSMITTER RTT | 31.50 
Operates as a room transmitter, then switches to 
telephone transmitter mode during telephone calls. 
Dimensions: 30 x 25mm 


AUTOMATIC TELEPHONE RECORDER 
SWITCH TRS2 Record telephone conversations with 
this interface unit and your own tape recorder. 
Dimensions: 36 x 50mm 


AUTOMATIC TELEPHONE RECORDER ATR1 
Adapt the tape recorder included to record telephone 
calls automatically. 


TELEPHONE TAP ALERT ТТА1 visual warning 
of any invasions of privacy on your telephone line. 
Dimensions: 38 x 52mm 


RF DETECTOR RFD1 Highly sensitive hand-held 
detector. Range between 10Mhz and 600Mhz. Silent 
operation. Dimensions: 70 x 50mm 


CAMERA DETECTOR СОВ Detects hidden video 
cameras (even miniature CCD models). 
Dimensions: 63 x 38mm 


RECORDING BRIEFCASE RBC1 Completely 


discreet recordings at a value for money price. 


SHOTGUN MICROPHONE AMPLIFIER SMA 
Ideal for surveillance. The amplifier will pick up sounds 
from along distance. 


SIGNALLING TRANSMITTER SIGT Sends a 
continual audio pulse. Can be integrated into alarm, 
tracking or warning systems. Dimensions: 20 x 50mm 





TELEPHONE AMPLIFIER TAS Connected directly 
to the telephone, this unit will amplify both sides of a 
telephone call. Dimensions: 25 x 52mm 


PROFESSIONAL SOUND TO LIGHT UNIT 
SK72 Custom built for disco or home use. Audio signal 

divided into bass, mid and treble bands, with internal 

microphone and spotlight option. 

Dimensions 210 x 45mm 


MICRO METAL DETECTOR ММО Detect the 
presence of ferrous and various non-ferrous metals. 
Useful for all those DIY jobs. Dimensions: 40 x 25mm 











Please add £2.00 P & P to all orders and 17.5% VAT on all ЦК. orders. 


For full catalogue please send two 1st class Stamps or 2 IRC'S 


172 Caledonian Road 
Dept EL 


London М1 050 
CANAL] [BRIDGE AUDIO 
071-837 4423 





MAINS SIGNALLING SYSTEM 


PART 1: RECEIVER 


Design by W. Hacklánder & S. Furchtbar 


Mains signalling is a method by which signals can be superimposed on mains wiring for the 
remote control of electrical equipment. It was first proposed by two Swiss inventors, Routin and 
Brown, who patented the method to control street lighting in 1896. The technique is well 
established and accepted in the USA, but in this country and Europe interest in it as a medium 
for communication has begun only in the late 1980s. This article deals with a system for use in 
home automation. The main advantages of the system are ease of installation, flexibility and 
relatively low cost (because it uses existing mains wiring. 


i bs mains signalling system, which is 
controlled by a computer (not part of 
the system), may be used for switching 
or dimming lights, random switching of 
lights to give the house a ‘lived-in’ look 
while the occupant is away, switching all 
lights simultaneously in the event of dan- 
ger, providing programmed or remote 
switching of electrical appliances, and 
many others. It is particularly helpful to 
disabled or handicapped people. 

The system uses radio frequency (r.f.) 
signals superimposed on the very low fre- 
quency (v.1.f.) mains voltage. The r.f. sig- 
nals are too high in frequency to inter- 
fere with the power supply and too low to 
affect radio and TV reception. They are, 
however, easily detected by a suitable re- 
ceiver as described in this first part of the 
article. The modulation used is amplitude 
shift keying (ASK) which is facilitated by 
an IC specially developed for mains sig- 
nalling systems. 

The equipment complies with European 
Standard EN 50 065-1, which was ap- 
proved by CENELEC (Comité Européen 
de Normalisation Electrotechnique— 
European Committee for Electrotechnical 
Standardization), of which the United 
Kingdom is a member.* 

The system forms a link between a com- 
puter and mains-operated equipment— 
see Fig. 1. It consists of a transmitter 
(sometimes called controller) and one or 
more receivers. Each apparatus to be con- 
trolled via the system needs its own re- 
ceiver, which switches it on and off. Up 
to 127 receivers may be controlled by one 
transmitter. The status of each receiver 
is monitored at the transmitter. The trans- 
mitter is an intelligent unit whose mi- 
croprocessor provides the commands that 
are transmitted via the computer. 
Communication between the transmitter 
and the computer is via a standard RS232 
link. 


Design considerations 


The circuit diagram in Fig. 4 is drawn in 
two distinct parts: that at the left per- 


mains 
wiring 


receiver 
apparatus 
=e to be 
controlled 


223177 receiver 


apparatus 
=_= to be 
controlled 


940021 -1- 12 











Fig. 1. Setup of a 2-receiver system. Up to 127 receivers may be accommodated. 





–____ 


Fig. 2. Construction of the code used by the MM53200N. 
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Fig. 3. Block schematic of modem IC NE5050. 
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Fig. 4. Circuit diagram of the mains signalling receiver. 
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forms the data recognition and back ге- 
porting of data information; that at the 
right comprises the modulator/demodu- 
lator—modem— and the power supply. 

The transmitter sends a train of 13 
pulses along the mains wiring which are 
picked up by the receiver(s). Of the 13 
pulses, eight are used for conveying the 
address. Each receiver compares the in- 
coming code with its own address. If the 
two are identical, the relay in the receiver 
changes state. At the same time, the re- 
ceiver sends back a pulse train contain- 
ing its address and possibly having a ‘1’ 
in the 11th position. This digit indicates 
to the transmitter that the receiver’s relay 
is energized. This arrangement means 
that each receiver occupies two ad- 
dresses in the system. Since eight bits 
are used, the total number of receivers is 
limited to 127, which should not present 
a problem in most cases. 

Address recognition is performed by 
ІС, a Туре MM53200 from National 
Semiconductor. This IC contains an os- 
cillator, an encoder and a decoder. In the 
transmit mode, the IC converts the 12 
logic levels at its data inputs, DS1-DSj5, 
into a trains of 12 pulses (plus a start 
pulse. The pulse repetition rate (p.r.r.) is 
determined by network Кі4-Сі. The width 
of each pulse determines the logic level— 
see Fig. 2. The encoding used guaran- 
tees reliable data transfer even when the 
signal lines are subject to interference. 

In the receive mode, the incoming sig- 
nal (12 data pulses plus start pulse) is 
compared to the local code in a sequen- 
tial manner. If there is an error, the sys- 
tem is reset and begins its comparison 
on the next pulse. If all 12 bits are re- 
ceived correctly, a 'valid' signal is gener- 
ated. This signal clears one counter and 
clocks another. The latter (3-stage) coun- 
ter counts the 'valid' pulses. When and 
only when four correct pulse trains, with 
amaximum pulse spacing of 142 ms,have 
been received, does the transmit/receive 
output go low. 

Data-select pins 1-9 of IC, are con- 
nected to ground via jumpers on header 
Kı. In the IC, the pins are connected to 
pull-up resistors, ensuring that each of 
them is automatically at high logic level 
if there is no jumper to earth. Consequently, 
the jumpers ate these pins enable ad- 
dresses 0-127 to be set. Address 0 cor- 
responds to no jumpers and address 127 
to seven jumpers at К|. 

The clock of IC; has been fixed at about 
45 kHz by the time-constant R)4-Cjg. At 
that frequency, transmitting a complete 
pulse train takes about 25.6 ms. 

When the power is switched on, mono- 
stables [Cg, and ICgp, as well as bistable 
IC4q, are reset via К-С! о. The output of 
ICg is then low, so that IC, is in the re- 
ceive mode (via mode input pin 15). In 
this situation, То is cut off, so that the 
signals from the modem section are trans- 
ferred to pin 16 of IC}. Pin 1 of bistable 
IC, is low, so that T, is cut off and there 
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is no supply to the relay. Diode D, is off. 

When four times the correct code has 
been received, the transmit /receive out- 
put goes low. Ifno more valid data are re- 
ceived, this output changes state, which 
causes ІСва and ICg¢p to be triggered. The 
output of ICg, clocks bistable ІС а, caus- 
ing this stage to change state. This re- 
sults in Tj being switched on, so that the 
relay is energized. Also, D; lights. The 
mono period of ICg, is very short. Since 
the inverting output of this multivibra- 
tor is linked to the trigger input of ICgp, 
that stage will no longer react to new in- 
coming trigger pulses (it will also not be 
triggered by the data which the receiver 
is about to send back). 

At the instant ІСІ, changes state, IC 6ხ 
reverses the level at pin 15 of IC), which 
results in the IC sending its own address 
code. Gate (NAND) IC4, provides the logic 
level for DS11 (pin 11). When the output 
of ICẹ is high, the output of the gate de- 
pends on the output state of IC), and thus 
on the status of the relay. If the gate pro- 
vides a ‘0’, the relay is energized; if a ‘I’, 
the relay is not powered. In this way, the 
transmitter receives information as to the 
status of the receiver. 

The pulse train from IC, is generated 
a few times until the mono time of IC) 
has elapsed. During this time, То is on so 
that no transmitted signals can be sent 
back to pin 16 of IC). After this period, 
IC, switches back to the receive mode. 


Modulation/demodulation 


Modulation and demodulation ofthe dig- 
ital signals is provided by line driver IC», 
a Type NE5050 from Philips/Signetics 
specially developed for use in mains sig- 
nal-ling systems. The block diagram of 
this device is shown in Fig. 3. The IC uses 
amplitude shift keying in which the two 








Fig. 5. Printed circuit board for the mains signalling receiver. 


digital levels are transmitted at different Capacitors Сс, Cg and transformer Tr 
amplitudes (strictly speaking, maximum determine the frequency of the send os- 
amplitude and no amplitude). cillator (here, 100 kHz). The carrier wave 


Fig. 6. Illustration of how the board should be fitted into the enclosure: first fit the modem board to the bottom of the case with 
threaded (or partly threaded) spacers (left-hand photo); then fit the digital board on top of the spacers (right-hand photo). 
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Fig. 7. Wiring diagram of the boards and plug and socket arrangement. 





Fig. 8. Case fitted with standard UK plug 
and socket. 
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generated by the line driver is switched 
on and off by the digital signal applied to 
its pin 19. The output, pins 15 and 17, of 
ICs is applied to the mains wiring via Rg, 
R4, low-pass filter Lj (which suppresses 
high harmonics), impedance matching 
resistor Кә, coupling capacitor Са and iso- 
lating transformer Tr). 

Capacitor Со and Tr; form a band-pass 
filter with a central frequency of about 
110 kHz. 

Capacitor C, provides severe attenu- 
ation of the 50 Hz mains signal. 

Series-connected diodes D; and Dg 
limit the received signal and suppress in- 
terfering spikes on the mains voltage. The 
Specified types are special transient-volt- 
age-suppression diodes that react very 
fast to such spikes: they should not be 
replaced by different types. 

The received (and possibly limited) sig- 
nalis applied to pin 20 and then to a band- 
pass filter in the IC, whose upper cut-off 
frequency is fixed at 300 kHz; the lower 
cut-off frequency is determined by the 
value of Cj. 

A further band-pass filter, consisting 
of Cj; and Tra, is provided between the 
input amplifier and the detector (in ICs). 

The signalis then applied to a low-pass 
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filter of which Cg is а part, and finally to 
an AM rejection stage, where any resid- 
ual component of the 110 kHz carrier 
wave is removed. The average direct volt- 
age is stored in Cg. 

After passing through the comparator, 
the signal is enhanced by C7 (which re- 
moves any remaining spikes) and an in- 
ternal bistable (which smooths its 
edges). Finally, the data are sent to IC), 
via pin 11. 

The power supply is straightforward. 
A 1.8 VA transformer, Tr4 provides 15 V 
a.c. which, after rectification in Dg-Dg 
and smoothing by Сіз, is held at 12 V by ICs. 

Since IC), IC4, and ICg can not toler- 
ate a 12 V supply, network R7-D4 lowers 
the supply to these ICs to 9 V. 


Construction 


The receiver must be built in a special, 
high-impact ABS enclosure with an inte- 
gral mains plug at the front and a mains 
socket at the back; the type of plug and 
socket depends on the country you live 
in. The photograph in Fig. 8 shows a stan- 
dard UK type; American and European 
types are also available (see Parts List). 
The insulating properties of the enclos- 
ure must be first class, because trans- 
former Tr; may not provide full mains iso- 
lation. 

The circuitry is built on two printed 
circuit boards as shown in Fig. 5. One of 
these houses the modem IC, transform- 
ers and relay and the other the digital cir- 
cuits. Remove two corners of each of the 
boards to ensure that the lid will still fit 
on the case. 

Because ofthe limited available space, 
mount all resistors and zener diodes up- 
right. Use sockets for all ICs. 

Keep all connecting wires at the track 
side of the digital board short, otherwise 
the finished board will not fit in the case. 

Place the LED a few millimetres above 
the board, so that it fits nicely in a 5mm 
dia. hole drilled in the lid of the case. For 
safety reasons, do not use a 3 mm LED. 

The two boards are interconnected via 
a length of 5-core flat-cable. Insert this 
cable in the holes at the track side of the 
upper board. 

Solder three pins at the track side of 
the modem board for connecting the mains 
cable. In the prototype, flat pins with small 
ridges that sit securely on the board were 
used. However, standard round pins bent 
at right angles and securely soldered in 
place may also be used. 

Interconnect the two mains connec- 
tions in the case with the relevant pins 
underneath the mains transformer on the 
modem board with insulated circuit wire 
(5-10 cm long) terminated into appropri- 
ately sized solder tags. Connect the re- 
maining pin underneath the relay with 
the L(ive) pin ofthe case socket. Interlink 
the earth terminals on the plug and socket. 
All these connections are shown in Fig. 7. 
Fit all mains connections on the boards 
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with insulating sleeve. 

When the boards are completed, in- 
stall the modem board at the bottom of 
the case and fasten it with two 25 mm 


(1 in.) partly threaded spacers. Next, mount 
the other board on to the spacers and fix 
it into place with two M3 bolts. This board 
should be seated immediately above the 
relay. If necessary, fit shims on to the 
spacers to increase the distance between 
the board and relay slightly. The pho- 
tographs in Fig. 6 show how the boards 
are located in the case. 


Parts list 


Resistors: 

В, = 47 КО 

Ry = 47 О 

Ез, Ry = 100 
Rs, Rg, Ryo = 5.6 КО 
R7 = 1800 

Rg = 3.9 kQ 

Rg, Ry = 4.7 КО 
Вр = 22 КО 

სვ = 10 КО 

Куд = 180 КО 
Бі- 1.5 MQ 
Rig = 470 КО 


Capacitors: 

С, = 470 nF, 250 V a.c., 630 V d.c. 

Со = 6.8 nF, MKT, pitch 5 mm 

C3 = 470 nF, МКТ, pitch 5 mm 

C4, Са, C15, Сув, Cog = 100 nF, MKT, 
pitch 5 mm 

Сс. Спо = 2.2 nF, MKT, pitch 5 mm 

Cg =10 pF 

C7 = 4.7 nF, MKT, pitch 5mm 
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Cg = 4.7 nF 

Су = 10 пЕ 

Суз = 220 uF, 35 V, radial 
С = 10 UF, 16 V, radial 
Cis. Сут, Cig - 10 uF, 16 V 
Cig = 220 pF, polystyrene 


Inductors: 
Lı = 390 uH 


Semiconductors: 

Пі, Dy = BZT03/C15 (Philips) 
Оз = 1N4148 

D; = zener, 9.1 V, 1 W 

Ds = LED, red, 5 mm 

Dg-Dg = 1N4001 

ТІ. To = BC547B 


Integrated circuits: 
IC, = 4013 
IC = NE5050N (Philips/Signetics) 


*Further information on the general as- 
pects of mains signalling may be ob- 
tained from the BEAMA Interactive and 
Mains Systems Association, Leicester 
House, 8 Leicester Street, London 
WC2H 7BN. Telephone 071 437 0678. 
Fax 071 437 4901. 

In general, for domestic applications, 
the level of the signal signal applied 
across the mains wiring must not ex- 
ceed 116 dB ну (631 mV). Measured 
across the line or neutral terminal and 
ground, the level must not exceed 316 mV 
(110 dB n V). The specified impedance 
must be 500 








ICs = 7812 
ІС = 4093 
ICs = MM53200N (National Semiconductor) 
ICg = 4538 


Miscellaneous: 

К, = 14-way header 

Ky, Кз = 5-core flatcable (5-10 cm) 

Re, = relay, 12 V, 1 make contact, for 
PCB mounting 

Tr) = T1002 (Toko 707VXT1002N) 

Tro, Tr4 = 4201 (Toko LPCS4201) 

Tr4 = mains transformer, 15 V, 1.8 УА 
for PCB mounting 

Enclosure, 120x65x60 mm (approx) with 
integral plug and socket (see text). 
Suitable cases to UK, USA and Euro- 
pean standards are available from Bopla 
(in UK represented by Phoenix Mecano 
Ltd, Telephone (0296) 398 853. 

PCB, Ref, 940021-1 (see page 70) 


Third harmonic spurious radiations 
must not exceed 57 dB ну (0.7 mV). 

EN 50 065-1 specifies a frequency 
range of 95-125 kHz. 

In practice, these requirements mean 
that only small energy levels may be ap- 
plied across the mains wiring. This in 
turn means that the receiver must be 
fairly sensitive and that spurious sig- 
nals and the 50 Hz mains hum must 
be suppressed adequately. Moreover, 
as extra precautions, switching in- 
structions must be sent several times, 
while at the receiver, received codes are 
compared several times 
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FIGURING IT OUT 


PART 15 - SINE WAVES AND OTHERS 


By Owen Bishop 


This series is intended to help you with the quantitative aspects of electronic design: 
predicting currents, voltage, waveforms, and other aspects of the behaviour of circuits. 
Our aim is to provide more than just a collection of rule-of-thumb formulas. 

We will explain the underlying electronic theory and, whenever 
appropriate, render some insights into the mathematics involved. 


ik all the discussions in this 
series up to the present, the 
only periodic inputs that we have 
considered have been sinusoidal 
waves. We now have to consider 
circuit behaviour when the input 
is periodic but is not sinusoidal. 
For example, in what way does 
agiven circuit respond toa square 
wave, a rectified sine wave, ог а 
sawtooth wave? 

The situation seems fraught 
with complications because there 
are so many possible forms that 
waves may have. Fortunately, we 
are rescued by the work of Baron 
Jean Baptiste Joseph de Fourier 
(1768-1830) whose Fourier Series 
provides a way of expressing com- 
plicated but periodic functionsin 
terms of sines and cosines. When 
a waveform has been analysed 
into a number of sine and co- 
sine waves of different ampli- 
tudes, we calculate the behaviour 
of the circuit for each compo- 
nent, considered separately. Then 
we m ake use of the principle of 
superposition (Part 3) to find 
the response of the circuit to the 
complete waveform. The equa- 
tion for the Fourier Series is de- 
scribed in detail later, but we look 
at some simple examples first. 


Summing sines 


The waveform of Fig. 122 is clearly 
not sinusoidal, but it is easy to 
see that it is the sum of two sine 
wave of different amplitude, one 
having a frequency twice that 
of the other. These two compo- 
nents are shown separately in 
Fig. 123. In musical terms, the 
one with the lower frequency is 
termed the fundamental,. and 
theone with soublethe frequency 
isthe first harmonic. Between 
t = 0 апа = X/2, the waves re- 
informce each other, so that the 
resultant Fig. 122) peaksinthat 


region. Between ¢ = 1/2 and 
t = 31/2, the waves partly can- 
cel out, causing the resultant to 
be flattened toward the x-axis. 
Fromt=3n/2 tot = 2n, the waves 
reinforce again. We could add a 
constant term to the equation for 
Fig. 122, for example: 


y = 6 + 4sint + 2sin2t 
[Eq. 120] 


The effect of this is simply to 
shift the curve up the page. In 
electronic terms, the periodic 
signalis superimposed on a con- 
stant direct voltage, assuming 
that y refers to a voltage. In the 
discussions which follow, this 
variable might equally well rep- 
resent a current or any other 
quantity which varies periodi- 
cally. 


Y - Asint + 2 sin2t 
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Fig. 122 






(B) ү-4зіт 
(B) Y-2sinzt 
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Fig. 123 


Y=5+3sint- 15 sin2t + 4.5 cost + 0.5 cos3t 








-24 
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Fig. 124 


Figure 124 shows a signal 
that has five components: 

yz5-43sint- 1.5 ча 21 

+ 4.5cost + 0.5сов 3t 

[Eq. 121] 
This might be taken to be the 
trace of an audio signal from a 
musical instrument as seen on 
the screen of an oscilloscope. As 
we shall later, although a Fourier 
Series has (in theory) an infi- 
nite number of terms, quite often 
only the first few terms need to 
be evaluated in practice. 

So far, we have synthesized 
waveforms by writing out a se- 
ries comprising a constant and 
one or more sine or cosine terms. 
Now we have to find out how to 
work in the opposite direction. 
Given а waveform such as the tri- 
angular wave of Fig. 125, we 
analyse it in to its components. 
But, before we leave the simple 
examples above, note these fea- 
tures of the series: 


* aconstant (d.c.) term; 

* terms in sinf, sin 2¢ (in gen- 
eral, sinnt, where n is an in- 
teger); 

* terms in cost, cos 2t...cos nt; 

* the terms have different co- 
efficients, which may be pos- 
itive or negative; 

* thefundamental frequency is 
such that one cycle takes 2л 
seconds (we will explain how 
to deal with other fundamental 
frequencies later); 

* АП frequencies are multiples 
of the fundamental. 


In practice, the series may be sim- 
plified if, for example, the con- 
stant term is zero, or the coeffi- 
cients of all the sine terms or 
all the cosine terms are zero. 
Equation 120 is an example of 
aseries in which the cosine terms 
all have a zero coefficient. 
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Fourier series 


The Fourier Series has this form: 


у = Ау + a cost + ascos2t 
t+a3cos3t +... +a,cosnt 
+b,sinf +bgsin 2t + b3sin 3t 
+... b,sinnt. 

(Еа. 122] 


Yz10x-5t 


мн 
a 


Fig. 125 
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У = 5r + 10 sint + 5 sin2t+ 3.333 sin3t+ 2.5 sin4t 


Ж Қ Ў 10 < 10; 
Y= 5л + 10 sint + 5 sin2t+...+ 19 sin19t + 55 sin20t 


Fig. 127 


Although the equation is long and 
unwieldy, it breaks down into dis- 
tinct parts as listed above. The 
constant term is Ap. We repre- 
sentthe coefficients ofthe cosine 
terms by a,,a5, ...,a,, and the co- 
efficients of the sine terms by 
61,65, ..., bn. The important prop- 
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erty ofthe Fourier Series is that, 
with some exceptions, any kind 
of periodic signal can be analysed 
as an equation of this form. 
Different signal have different 
sets of coefficients and our next 
task is to calculate these. 

The first term is the mean 


values of y over 1 cycle. This fits 
in with the idea of the first term 
being equivalent to the steady di- 
rect voltage on which the signal 
voltage is superimposed. In the 
case of Fig. 125, it is easy to 
evaluate the first term simply by 
looking at the graph. During 
1 cycle, y ramps down linearly 
from 10л to zero. The first term 
is the mean of 10r and zero. In 
grneral: 


Ag -5z 


1 d [E | 
== L .123 

20597 [> q 
This integral gives the area under 
the graph for a period of 1 cycle. 
The integral divided by the pe- 
riod (2x) is the mean value of y. 
In some cases, it may be easier 


Integrating by parts 


This technique is used to inte- 
grate the product of two ex- 
pressions, both of which are func- 
tions of the same variable. We 
shall call the two parts u and 
dv/dt (these symbols do not nec- 
essarily have anything to do with 
voltages). 

In the example in the text, 
for finding cosine terms: 


my =10r-5t 
du/dt = соёт. 


First, differentiate u: 
du/di = —5. 


Next, integrate du/dé to ob- 
tain v: 


и = (sinntYn. 
Theconstant of integration is not 
required. Theintegral of the prod- 
uct is given by the formula 
[аш dt=uv— I... di 
Substitute и, v and du/dt, and 
evaluate. 


Applying this formula to the 
example: 


1 722 
a, =~ | (102 -50cos nt dt 
790 
о 102—5)(sin nt)/n)3" 


27 
- [-5tein nin dt) 
0 


The integration is continued in 
the text. 


Box 1 
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to integrate from -л to +n. It 
does not really matter where in 
the cycle we begin, as long as 
we finish 2x seconds later. 


Cosine terms 


The formula for the coefficients 
of the cosine term 1s: 


1 [27 
а, =— | y cosnt dt 
л ЈО 


[Eq. 124] 


This is similar to Eq. 123, but 
here we have a product to in- 
tegrate. The product is y x cosnt 

апа, since y is a function of t, 
we must integrate by parts (see 
Box 1). Using this technique, we 
find that: 


an= -l i102 -5tsin пі] 
п 


л 
2л 

+5 [sin nt dt} 
0 


The second term on the right 
equals zero (see Box 2), leaving: 


а, =-1(10л- 10z)sin 2пл 
лп 


+(10лх—0)з1їп 0} 


=—1_{0+10лвш 0} 
n 


But, віп0 = 0, so 
a, = 0. 
As a result of this, there are no 


cosine terms in the series. This 
considerably simplifies matters. 


Sine terms 


The formula for the coefficients 
of the sine terms is: 


10 FOR t = © TO 6.4 STEP 
20 ц = PI#*S 

30 FOR п = 1 TO 20 

40 ს = ს + 10/n*SIN(n*t) 
50 NEXT 

60 FRINT £8, %;" 

70 NEXT 
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Fig. 128 
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Fig. 129 


" s ROUND (u, 3) 


ptt 
b,-— | y sinntdt 
A 40 


[Еа.125] 
Integrating by parts: 


-l (t (105 ითა nti" 
zn 


= 


2л 
+5{-сов nt dt} 
0 


The second term on the right 
equals zero (see Box 2), leaving: 


5, - 0л- ticos nt^ 
лп 


2л 
+5 | сов nt dt} 
0 


But cos 0 = 1, so 
b, = 10n/nn = 10/n. 


Thus, the sine terms have the 
form: 


(10/n) sinnt 


for n = 1, 2, 3, ... 


How many terms? 


We are now in a position to as- 
semble the series from the ini- 
tial term and the coefficients. In 
Eq. 126, we take the series as 
far as the third harmonic: 


y = 5т + 105187 +5312: 

+3.333sin Зі + 2.5sin4t 
[Eq. 1951 
This function is graphed for 
1 cycle in Fig. 126. It shows un- 
dulating sine-like features, but 
is recognisably the triangular 
wave of Fig. 125. For such an 
un-sinusoidal waveform as a sharp- 
toothed triangular wave, we need 


0,05 


cuc a 





Box 2 


more terms in the series to obtain 
a good representation. We ex- 
tend the series until we obtain 
a waveform which we consider 
to be sufficiently close to the re- 
quired waveform: 


...+2 9105$ + 1.667sin 6¢ 
+1.429sin7t +... +0.5 эт 20t. 


Figure 127 shows the result of 
extending the series up ton = 20, 
the 19th harmonic. It is clear 
that, as we take more and more 
terms, the resulting function map- 
proaches more and more closely 
to that of the original triangu- 
lar wave. It is only where there 
is a dramatic change that ap- 
preciable oscillations are observed. 

Calculating and summing the 
terms is fast on a programmable 
calculator. However, the program 
memory may not cope with as 
many as 20 terms. A computer 
program in BASIC (Fig. 128) is 


Fig. 130 


easier to type and sums hun- 
dreds of terms, if required. 


Circuit modelling 
As anillustration ofhow the Fourier 
Series may be used in modelling, 
we will see what happens to the 
sawtoothed voltage wave of 
Fig. 125 when it is applied to 
the circuit of Fig. 129, which is 
a passive high-pass filter. 
Remember that the period of the 
wave is 2л. Its frequency is 
1/2л = 0.159 Hz. To have any ef- 
fect on the lower harmonics, we 
need a capacitor ofrelatively high 
value. With the values shown in 
Fig. 129, the —3 dB point is 2 Hz. 
We now need to examine the 
terms of the Fourier Series for y 
and find what happens to them 
when fed into the filter. The first 
term, 5r, is a d.c. term and does 
not pass through. Recalling the 
technique used in Part 6 to cal- 
culate the attenuation and phase 
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lag of a low-pass filter (Fig. 52), 
we calculate the effect of the 
high-pass filter of Fig. 128 on the 
fundamental component, 
y = 10sint. The total impedance 
of the filter is: 

Z-R-yjoC, 


where we express theimpedance 
of the capacitor as a complex 
number (see Part 9). Given that 
œ= 1, В = 100 and С = 800x10-4, 


Z = 100 — j1250, 
or, in polar form: 
Z = 1254 2-1.49. 


Angles are in radians. Considering 
the filter as a potential divider, 
its output is ир, and: 


Uout = и: 100/Z. 


For the fundamental, the peak 
values of uj, is 10 V (the coeffi- 
cient of the sint term of the se- 
ries). 


tout 1000/(1254 2-1.49) 
= 0.7974 71.49. 


The output signal is attenuated 
to about 0.8 V peak and leads 
the input by 1.49 rad. 

We can similarly find uo, for 
each of the harmonics, expressed 





in polar form. The values of R 
and С remain the same, but о 
becomes 2, 3, 4, ... for succes- 
sive harmonics. The outputs are 
attenuated by different amounts 
and have different phase leads. 
These outputs can not be added 
in the usual way, as phasors, 
because they are all of different 
frequencies. We therefore ex- 
press each of them as a sine wave 
of given amplitude and period 
with a given phase lead. In this 
form, the output from the fun- 
damental is: 


ug, = 0.7974sin(t + 1.49). 


Summing the outputs for the 
fundamental and the first 19 
harmonics, we have: 


Uout = 0.7974 мл (Е + 1.49) 
+0.7900 sin (2t + 1.41) 
+0.7778 sin (37 + 1.34) 
+... 0.5771 sin (124 + 0.81) 
+... 0.4241 sin (207 + 0.56). 


Note that the coefficients de- 
crease, but much more slowly 
than in the original function. 
This reflects the fact that the 
higher frequencies are less at- 
tenuated than the lower fre- 
quencies. Also, the phase lead 
is leass as frequency increases. 
When o = 12, f= @/2т = 1.91, 
which is approximately at the 
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—3 dB point of the filter. The 
input amplitude of this compo- 
nent is 10/12 = 0.8333 and its out- 
put amplitude is 0.5771. The at- 
tenuation is 0.5771/0.8333 
= 0.69. This is roughly 0.7, the 
expected attenuation at the 
—3 dB level. The phase lead is 
0.81rad., equivalent to 46°, close 
to the lead of 45? expected at 
the —3 dB point. 

A graph of ии appears in 
Fig. 129. It shows that filtering 
has a dramatic effect on the saw- 
tooth wave, reducing it to a se- 
ries of spikes, where the volt- 
age suddenly steps up at the be- 
ginning of each cycle. The circuit 
filters out the slow change of 
voltage as waveform ramps down. 
This graph has more pronounced 
undulations than Fig. 127; this 
is due to the fact that the high- 
pass filter makes the higher fre- 
quencies relatively prominent. 

Intheexample above we have 
illustrated the use of the Fourier 
Series by modelling a simple 
waveform being passed through 
acircuit with a simple response. 
There are easier ways of doing 
this, as we shall see in Part 17. 
It is with more elaborate wave- 
forms and more complicated cir- 
cuits that the Fourier Series shows 
its power. With a computer to pro- 
vide help with the calculations, 
this is a useful technique for 


analysing circuit behaviour. Next 
month, we show how to tackle 
other types of wave and we look 
at ways of shortening the cal- 
culations. 


Test yourself 


Atriangular waveform ramps up 
according to the equation y = 2t, 
repeating every 2л .seconds. 
Express this as a Fourier Series, 
as far as the 3rd harmonic. This 
signal is applied to a low-pass fil- 
ter having the same components 
as Fig. 129, but with R and C 
interchanged. Calculate a se- 
ries for the waveform of the out- 
put signal as far as the 3rd har- 
monic. 


Answers to 


Test yourself (Part 14) 


1. і-0.%(е--е-2) + 0.06923е-2! 
—(9cos3t + 7зт 30/130. 


2.i = 0.03316е-4 — 0.02036e-246t 
—0.0128е-0.4545, — Current 
= 774 pA. 


3. d2i/dt2 + 10000 di/dt 
+ 5000: = 4е0і, 
i = Aet + Be-9995t 
+ (7.27х10-5) e0.5t, 
i = 0.0003277(е-5 —е-9995) 
+ (7.27x10-5)(e9.5t — е99954), 
Current = 0.275 mA. 
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SURVEILLANCE 


PROFESSIONAL 


QUALITY KITS 


No. 1 for Kits 


Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 years 
and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, circuit 
diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all transmitters 


are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Ultra-miniature Room Transmitter 


Smallest room transmitter kit in the word! Incredible 10mm x 20mm including mic. 


3-12V operation. 500m range 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter 
Just 17mm x 17mm including mic. 3-12V operation. 1000m range 


STX High-performance Room Transmitter 
Hi performance transmitter with a buffered output stage for greater stability and range. 
Measures 22mm x 22mm including mic. 6-12V operation, 1500m range £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. Size 20mm x 
40mm. 9-12V operation. 3000m range 


VXT Voice Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range...£19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V AC supply for long-term monitoring. Size 30mm x 35mm. 
500m range 


SCRX Suhcarrier Scrambled Room Transmitter 


Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range £22.95 
SCLX Subcarrier Telephone Transmitter 

Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70mm. 9-12V operation 


ATR2 Micro Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line 


XXX Specials XXX 


DLTX/ÐLRX Radio Control Switch 
Remote control anything around your home or garden, outside lights, alarms, paging 
system etc. System consists of a small VHF transmitter with digital encoder and receiver 
unit with decoder and relay output, momentary or alternate, 8-way dit switches on both 
boards set your own unique security code. TX size 45mm x 45mm. RX size 35mm x 
90mm. Both 9V operation. Range up to 200m. 
Complete System (2 kits) 

individual Transmitter DLTX. 

Individual Receiver DLRX 


MBX-1 Hi-Fi Micro Broadcaster 

Not technically a surveillance device but a great idea! Connects to the headphone output 
of your Hi-Fi, tape or CD and transmits Hi-Fi quality to a nearby radio. Listen to your 
favourite music anywhere around the house, garden, in the bath or in the garage and 
you don't have to put up with the DJ's choice and boring waffle. Size 27mm x 60mm. 
9V operation. 250m range 


£50.95 
£19.95 
..£37.95 


Dept. EE 


SUMA 


UTLX Uitra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range 


TLX700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble than 
UTLX. Connects to line (anywhere) and switches on and off with phone use. All 
conversations transmitted. Powered from line. 1000m range 

STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. Size 22mm x 22mm. 

1500m range 

TKX900 Signalling/Tracking Transmitter 

Transmits a continous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. Size 
25mm x 63mm. 9V operation 

CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tome increase as you 
approach signal. Gain control allows pinpointing of source. Size 45mm x 54mm. 9V 
operation 

60600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation. 

QTX180 Crystal Controlled Room fransmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180 MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catlogue). Size 20mm x 
67mm. 9V operation. 1000m range... 

QLX180 Crystal Cointrolled Telephone Transmitter 

As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. 9V operation. 1000m range 

QSX180 Line Powered Crystal Controlled Phone Transmitter 

As per QLX180 but draws power requirements from line. No batteries required. Size 
32mm x 37mm. Range 500m 

QRX180 Crystal Controlled FM Receiver 

For monitoring any of the 'Q' range transmitters. High sensitivity unit. All RF section 
supplied as a pre-built and aligned module ready to connect on board so no difficulty 
setting up. Outpt to headphones. 60mm x 75mm. 9V operation 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£1.50 per order for P&P. Goods despatched ASAP allowing for cheque 
Clearance. Overseas customers send sterling bank draft and add £5.00 per 
order for shipment. Credit card orders welcomed on 0827 714476. 
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ESR ELECTRONIC COMPONENTS 
Station Road, Cullercoats, : 

Tyne & Wear МЕЗО 4РО Derr. EE 
Tet. 091 251 4363 Fax. 091 252 2296 


SOLDERING IRONS RF CONNECTORS 


2N!613 £0.31 ВС186 £0.33  BD534 £0.47 CA311E £0.28 Antex Soldering irons BNC Solder Plug50R — £0.93 
2N1711 #026  BC204C 40.72  BD535 £0.48 САЗ24 £z 2i M 12 Watt BNC Solder Plug 75R 60.96 
2N1893 #029 8С2068 4072 80536 £0.65 СА556 C 15Watt BNCCnmpPlug50R #068 
2N2218A £0.28 BC207C £072 BD646 £0.52 СА741СЕ G 18Watt BNCCnmpPlug75R Ғ0.68 
2М2219А £0.25 ВС208 £0.72 80648 £0.52 СА747СЕ CS 17Watt BNC Solder Skt £1.08 
2N2222A #016 BC209A £0.72  BD650 £0.53 САЗ046 XS 25Watt BNC Chassis Skt £0.80 
2N2646 £0.80  BC212 £0.08  BD707 £0.42 — CA3080 STA STAND PL259 5 2mm £0.68 
2N2904A £0.25  BC212L £0.08 80807 £0.80 САЗ130 A5 Watt Gas гоп PL259 11mm £0.62 
2N2905A £023  BC212LB £0.08  BDX32 £1.78 САЗ130Е Desolder Pump RND UHF socket £0.68 
2N2907 £0.20 ВС213 £0.08 ВОХЗЗС £0.46 CA3140 "Ant static PUE SQR UHF socket £0.45 
2N2926 #016  BC213LC £0.08 ВОХЗАС £0.50  CA3240 SONG DISK Satie F Plug RG58 £0.30 
2N3053 £0.27 ВС214 £0.08 BDX53C £047 1С17621 მასი F Plug RG6 £0.27 
2N3054 £090 BC214L £0.08 80Х54С £0.50  ICM7555 18SWG 0 5Kg Solder N Plug RGB £1.60 
2N3055 £0.62 8С2378  f0.09  BF180 £0.31 ІСМ7556 1mm З yds Solder £0.62 М Socket АОВ £1.40 
2N3440 60.50  BC238C  f0.09 86182 £0.31  LM301A Desolder Braid £0.87 BNC Crimp Pliers £15.50 
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N3708 — £010 862006 — £024 ВЕ? £033 МЗ? Be coe ee ae 
р L 5 р 5 > 5 100ml £3. 
53771 #144 862678 £0.30 Вғ259 £0.33 LM380M C ДАН БЕ CS STA S (KO ! 63:20 
243772 £1.51 BC307 £0.10 ВЕЗ37 £0.36  LM381 TIN PLATING POWDER (906 f £10 80 
2N3773 £1.79  BC308 £0.10 ВЕЗ55 £0.38 1М386 T RESISTBEN 9) 1072 
2N3819 £0.40 ВС327 £010 ВЕ423 £013 1М387 ETCH RESIS 
2N3820 £0.58  BC328 £0.10 8451 £019 1М392М PCB POLISHING BLOCK £1.84 
2N3904 £0.10 BC337 £0.10 ВҒ459 £0.29 LM393N STRIPBOARD 0-1 PITCH BREADBOARD 
2N3905 £0.10 BC338 £010 86469 £0.36 — LM748CN 64mm x 25mm 60.27 81mm х 60mm 
2N3906 £0.10 BC414C £0.13 BFX29 £0.28 1М1458 64mm x 95mm £0.90 175mm x 42mm 
2N4036 £0.31  BC44! £0.40 BFX84 £0.31  LM3900 64mm x 431 mm £3.22 — 175mmx 67mm 
2N5296 | £0.57 ВС461 f0.40  BFX85 f0.31 1М3914 95mm x 127mm £1.50 — 203mm x 75mm includes 
2N5321 £0.57 £0.29 BFY50 £0.29 1М3915 95mm x 95mm f1.10 — mounting plate & posts £7.36 
2N6107 £0.60 £0.32  BFY51 £0.26 МС3340 95mm x 431mm £4.80 COPPER BOARD (G. Fibre) 
100mm x 160mm £1.60  100mmx 160mm £0.90 
119mm x 454mm £6.20 — 110mmx 220mm £1.24 


AC126 £0.30 £0.32 BFY52 £0.28 MC4558 
АС127 £0.30 £0.24 BS107 £0.21 NE531 

PHOTO RESIST BOARD PHOTO RESIST BOARD 
(G. Fibre) (Paper) 
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7415257 £0.24 
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741526 £0.14 
7415266 £0.14 
741527 £0.14 
7415273 £0.32 
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741530 £0.14 
741532 £0.14 
7415365 £0.21 
7415367 £0.21 
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740537 £0.14 


4000 Series 


4000 £0.17 
4001 £0.21 
4002 £0.17 
4006 £0.40 
4007 £0.28 
4008 £0.31 
4009 £0.19 
4010 £0.23 
4011 £0.26 
4012 £0.16 
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£1.60 
£0.36 
£1.56 
£0.36 
£0.36 
£0.80 "ка" 
£0.66 რა 


x6" 
68 m x8 £2.09 £1.58 


£0.39 5 х6 £241 £4.63 


£135 CAPACITORS SWITCHES 


сода Ceramic Mini Disc 100 & 63У 3amp 250v 6 4mm ф mounting 
£0.46 1 OpF to 100nF SPST Toggle 
£0.32 1pF-1nF 60.06. 1n2 217 £0.07 SPDT Toggle 
£0.34 3n3 4n7 £0.12. SPOT CO Tog 
£0.48 10n & 12n £0.07 DPDT Toggle 
20.33 Polystyrene 160V 5% 47pF to 10nF DPDT CO Toggle 
го წი 47p-2n2 £0.09, 207 10n £0.12 DPDT CO Toggle 
(biased) 
£0.64 D CONNECTORS DPDT CO Toggle 
50:52 Plug Socket (biased 1 way) 
£0.48 £0.29 0.30 ОРОТ mim shide 
{ £0.39 #039 Rotary Water 16 12VV 2P-6W, 
(468 £0.81 £0.90 ЗР AW. 4P-2W 
£261 2ვჩი £0.40 £0.49 Key Switch SPST 
Ғ8.82 25 Pin £0.48 £0.50 и 
9 Way plastic cover £0.30 uso make! 
15 Way plastic cover £0.33 Push to break 


£6.12 
ВС149 £0.21 £0.22 TIP127 £0.37 25435Е £531 
23 Way plastic cover £0.36 Latching Push Sqr £0.63 
25 Way plastic cover £0.36 PCB Tact 6 x 6mm £0.25 


BC154 £0.36 20.23 TIP132 20.46  ZN448E £7.92 
BRIDGE RESISTORS 


BC157 £0.12 60.24 ТІР137 £0.46 
EPROMS& 
RAMS 
RECTIFIERS 0 25W 5% CF E12 Seres Ғ0.60/100 


BC159 — #012 £0.82  TIP142 £1.08 

BC160 £028 £0.42  TIP147 — £112 

BC170 6016 5035 ТІР2955 £0.63 

BCI70B — £016 £039 ТІР29С £031 2716 444% O 25W o% CF F12 See £0: 60/100 

BETZ et 40:11 БОЗО TIR 0S E063 27% £4.84 W005 1 БА 50V 0.25W 1% MF E24 Series £1.72/100 
2764 25 £300 WO0215A200V POTS Logor Lin А708 1MO 25mm dia О 25in 
27C64.25 4280 BR32.3A 200V გს სართლი 20:42 
21728.20 £3.69 BR62 6A 200V PRESETS Enclosed Horz 

1004 10А 400V 


£3.06 
£3.74 
£5.56 


AC128 (60.28 £0.22 85170 6021 NE556N 
АС187 £0.45 £0.20 BSW66 £1.35 МЕ567М 
ACI88 60.37 £0.20 80426: £170 МЕ5532 
ACY17 — £384 £0.20 BU205 £1.82  NE5534 
40149 Е1.67 £0.20 BU208A £173 ТВА1205 
AD161 £0.92 £0.08 ВОЗ26А £1.80 ТВА8105 
AD162 #092 £0.08 BU500 £2.32 ТВАВ20М 
BC107 6014 £0.08 BU508A £176  TDA2030 
BCIO7B #015 £030 80526: £2.24  TLO61 
ВС108 £0.13 €0.08 80806 £1.36 Т1062 
BC108A £0.14 £0.08 BUX84 £0.78 11064 
BC108C 5016 £0.08  IRF540 £1.60 ТІ071СР 
ВС109 60.14 £0.08  IRF740 (6163  TLO72CP 
BCIOSC GoT £0.08 МЈ11015 £2.11 TLO74CN 
BC114 — £041 £0.09 М211016 £211  TLOB! 
ВС115 60.41 £0.21 MJ2501 £1.60  TLOB2CP 
BC116 0.41 £0.21 MJ3001 £152  TLOBACN 
BC118 — £0.41 £0.21 MJE340 (040 МА733 
BCI32 £0.36 £0.21 МЈЕЗБО £0.42 ULN 2003 
BC134 60.36 60.21  MPSA!3 £0.12 ULN2004 
BC135 (0.36 £0.20 МР5А42 £017 2Қ4142 
BC140 60.25 £0.20 MRF475 £621 7M425” 
8C141 £0.27 £0.20 ТІР121 £0.35 — 7N426E 
BC142 — #031 4021 TIP122.— 6037 2М427Е 
BC143 — £0.34 £0.22  TIP!25 — £0.37 2М428Е 


£0.86 
£1.62 


£0.67 
£1.24 


£0.58 
£0.60 
£0.64 
£0.68 


წ. £0.76 
4063 


4066 
4067 
4068 
4069 
4070 
4071 

4072 
4073 
4075 
4076 
4077 
4081 

4082 
4085 
4086 
4089 
4093 
4094 


£1.20 


£1.20 
9 Pin £0.15 
15 Pin 


15PinHD £0.78 


£2.70 
£0.25 
£0.28 


BC171B £0.16 £0.40 ТІРЗОС £0.31 
or Vert 1008 1М0015У/ £0.15 
27C128.20 £33! 


ҢС172 £0.13 £040 ТІРЗІС £0.34 
8C172B £0.13 £0.40  TIP32C £0.32 
ВС177 £0.18 £040  TIP33C £0.72 
PRESETS Skeleton Horz 
27256.20 £3.99 ог Vert 1008 1M00 1W £0.11 
27С256 20 £3.57 ж PLEASE STATE VALUE REQUIRED ж 


ВС178 60.18 £0.42 ПРА £0.36 
COMPUTER ACCESSORIES 


8С179 £0.17 £0.38 TIP42C £0.38 
BC182 £0.08 £0.32 ТІР47 £0.48 
BC182L £0.08 £0.32 ТІР48 £0.62 
ВС18218 £0.08 £0.37  TIP50 £0.53 
BC183 £0.08 £0.50  VN1OKM £0.44 
BC!83L £0.08 £6.90 
BC183LB £0.08 £3.75 
BC184 £0.08 ТЗ. 
BC184L £0.08 94-28 


276512 
270010 
6116.10 
6264 10 
62256-10 
4164.15 


£3.69 
£4.97 
£1.53 
£3.06 
£4.83 
£1.78 


£0.53 
£1.06 
£0.41 
£0.41 


VN66AF 
ZTX300 
271х500 


£1.50 
£0.16 
£0.16 


Zener Diodes 2У7 33V 

BZY88400Mw £0.08 
BZ2X85 1.3W £0.14 
1N4001 £0.06 
1N4002 £0.07 


Parallel Printer Lead 2m 
RS232 Lead (all pins) Male 
RS232 Lead (all pins) Female 
Centronics 36 Way Lead Male 
Gender Changers 


Male 
Male 
Male 


7415373 
7415374 
7415375 
7415377 
7415378 
741538 


£0.32 
£0.32 
£0.34 
£0.32 
£0.62 
£0.14 


4520 
4521 
4526 
4527 
4528 
4529 
4532 


£0.26 
£0.62 
£0.40 
£0.40 
£0.40 
£0.44 
£0.32 


TRIACS 


Z0105DA 
TIC206D 
T!C226D 


£0.42 
£0.65 
£073 


BTAOB8-600B £0.84 


TIC2360 
DIAC 


£0.96 
£0.20 


THYRISTORS 


PO102AA £0.30 
TIC1060 £0.40 
TIC116D £0.66 
TIC126D £0.77 


9 Way D Mini Female to Female 


£181 1N4003 £0.07 


41256 10 
511000.8 £5.61 
514256-8 £5.61 


DIL SOCKETS 


£2.80 


9 Way D Mini Male to Male 

25 Way D Mini Female to Female 
25 Way D Mini Male to Male 

9 Way D Female to Female 

9 Way D Male to Male 


£1.98 
£2.23 
£2.23 
£2.33 
£2.33 


1N4004 
1N4005 
1N4006 
1N4007 


£0.07 
£0.07 
£0.08 
£0.08 


HARDWARE 


T2 Box 75 x 56 x 25mm £0.82 
T3 Вох 75 x 51 x 25mm £0.82 
T4 Вох 111 х 57 x 22mm £0.98 
M81 Вох 79 х 61 х 40mm #144 
MB2 Box 100x 76x 41mm £1.56 
MB3 Вох 118x 98x 45mm £1.82 
MBS Вох 150 x 100 x 60mm £2.50 


1N5400 
1N5401 
1N5402 
1N5404 
1N5406 
1N5407 
1N5408 
1N914 
1N916 
1N4148 
BY133 
ОА47 
ОА90 
ОА91 
OA202 
ВА157 
ВА158 
84159 
1М4149 
ОА200 


£0.09 
£0.09 
£0.09 
£0.11 
£0.11 
£0.14 
£0.15 
£0.06 
£0.06 
£0.05 
£0.13 
£0.28 
£0.07 
£0.10 
£0.27 
£0.10 
£0.10 
£0.10 
£0.06 
£0.10 


7415390 
7415393 
7415395 
7415399 
741540 
741542 
741547 
741551 
7415670 
741573 
741574 
741575 
741576 
741583 
741585 
741586 
741590 
741592 
741593 


£0.25 
£0.24 
£0.26 
£0.62 


8Pin £0.07 
14 Pin £0.11 
16 Pin £0.15 
18 Pin £0.15 
20 Pin £0.16 
24 Pin £0.19 
28 Pin £0.22 
40 Pin £0.25 


25 Way D Female to Female 

25 Way D Male to Male 

Adaptors 

9 Wav Male то 25 Way Femae 

QWay Femaie to 25Way Mare 

25 Way Male to 9 Way Female 

25 Way D Male to 36 Way Centronic 
25 Way Null Modem Female Female 
25 Way Null Modem Male to Female 
25 Way Null Modem Male to Male 
RS232 Surge Protector Male - Female 
RS232 Jumper Box Male to Female 
85232 Tester (7 LEDs) Male Female 
Data Switch Boxes 

Serial Switch Бох 2 Way А/В 

Serial Switch box З Way A/B/C 
Serial Switch box A Way А/В/С/О 
Senal Switch box Cross over 
Parallel box 2 Way А/В 
Parallel box 3 Way А/В/С 
Parallel box 4 Way А/В/С/О 
Paratlel box Cross over 


ORDERING INFORMATION 


All prices exclude VAT. 
Please add £1.25 carriage to all orders and VAT (17.5%). 
No minimum order charge. 
Free Computer listing with all orders over £5.00. 
Please send payment with your order. 


PO/Cheques made payable to № 
ESR Electronic Components VISA 


Access & Visa cards accepted 
Offical orders from schools & colleges welcome. 


CALLIN- OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00 


£2.71 
£2.71 


4534 
4536 
4538 
4541 
4543 
4555 
4556 
4560 
4566 
4572 
4584 
4585 
4724 
40106 
40109 
40163 
40174 
40175 
40193 


£2.48 
£1.00 
£0.37 
£0.33 
£0.46 
£0.34 
£0.34 
£1.18 
£1.96 
£0.25 
£0.24 
£0.32 
£0.70 
£0.31 
£0.50 
£0.46 
£0.34 
£0.36 
£0.60 


VOLTAGE 
REGULATORS 


78L05 £0.24 
78112 £0.24 
78L15 £0.24 
79L05 £0.28 
79112 £0.28 
79115 £0.28 
7805 £0.28 ELECTROLYTIC RADIAL CAPACITORS 

7812 £0.28 

7815 £0.28 


16V 25V 63V 100V 450V 
7905 £0.38 £0.05 £0.07 
7912 £0.38 & = 


7915 £0.38 ы T 
(М317Т Е0.56 
LM723 £0.29 
L200CV £116 
LM323K £2.70 
LM338K £5.52 


DEVICE 


ლ 


£0.15 

£0.18 
- £0.30 

£0.05 £0.48 

£0.05 

£0.06 

£0.09 

£0.12 

£0.19 

£0.29 - 

£0.57 - 

£1.03 


£0.05 
£0.05 
£0.06 
£0.06 
£0.09 
£0.15 
£0.22 
£0.37 


ENAMELLED 
COPPER 
WIRE 


All 202 Reels 
14 SWG £0.63 
16 SWG £0.67 
18 5VVC (0.67 
20 SWG £0.72 
22 SWG £0.76 
24 SWG £0.80 
26 SWG £0.89 
28 SWG £0.91 
30 SWG £0.93 
32SWG #093 
34 SWG £0.99 
36 SWG £1.04 
38 SWG £1.10 
40 SWG £1.22 


ОР 
5mm Red LED 
5mm Green LED 
5mm Yellow LED 
5mm Orange LED 
3mm Red LED 
3mm Green LED 
3mm Yellow LED 
3mm Orange LED 
5mm Flashing Red 
5mm Flashing Green 
5mm Bi Colour 
5mm Ти Colour 
5mm Plastic Bezel 
3mm Plastic Bezel 
0 3" 7 Segment Display Red 
common anode 
common cathode 


£0.09 
£0.10 
£0.10 
£0.10 ELECTROLYTIC AXIAL CAPACITORS 
£0.08 
£0.12 16V 25V 63V 100V 450V 
£0.13 - £0.15 
EA 12 - - £0.10 
£0.09 £0.10 
60:69. £0.12 £0.12 
£0.36 £0.09 £0.17 
£0.48 £0.11 £0.20 
£0.04 £0.13 


£0.18 
£0.05 £0.24 
£0.40 
£0.64 


£0.19 
£0.22 
£0.34 
£0.48 
£1.06 
£1.33 
£2.46 





£1.14 
£1.14 
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DIRECT CONVERSION RECEIVERS 


PART 2 (final) 


SOME NOTES ON DESIGN AND 
CONSTRUCTION TECHNIQUES, 
AND THREE PRACTICAL EXAMPLES 


By Joseph J. Carr, B.Sc., MSEE 


In the previous instalment of this article 
we examined the theory behind direct 
conversion receivers (DCR). In this final 
instalment we will take a look at three 
simple projects that are based on the 
principles discussed in Part 1. Three dif- 
ferent designs are selected for testing: 
the 40 and 75/80-meter bands ‘Neophyte’ 
design by John Dillon’; a 40-meter band 
HF receiver based on the passive DBM 
designs of Lewallen and Campbell’; and 
a VLF design. All three designs were fab- 
ricated and tested on a common test 
chassis built especially for the purpose. 


The common test chassis 


Part of the decision to build and test sev- 
eral direct conversion receivers involved 
having a common chassis for all three de- 
signs. Although not very elegant, being 
made of scrap aluminum chassis and bot- 
tom plates from the ‘junk box’, it was at 
least low cost and effective. Figure 1 
shows the receiver test bed front panel. 
It is fitted with a Jackson Brothers cali- 
brated dial with a 10:1 fast/slow vernier 
drive. The 6.35-mm (0.25-in.) shaft cou- 





pling on the vernier drive is used to turn 
either a variable air dielectric capacitor 
or potentiometer, depending on whether 
the DCR being built is a mechanically 
tuned or voltage tuned version. For most 
of the experiments the voltage tuned va- 
riety was used. Two additional controls 
are also provided, and both are poten- 
tiometers. The pot to the right of the tun- 
ing knob is a volume control, while that 
to the left is the RF tuning control (for 
voltage tuned front-end circuits). 

Three circuits are provided for the test 
bed: two d.c. power supplies and an 
LM386 audio power amplifier. One d.c. 
power supply (Fig. 2) is used to provide 
412 V regulated to the circuits of the 
DCRs used on the test bed. It uses a 7812 
three-terminal IC voltage regulator, and 
works from a 15 Vd.c., or higher source. 
In the case of this project, raw power was 
provided by two 9-V dry-cell batteries 
connected in series. The second d.c. 


power supply (Fig. 3) consists of a 78L12 
low-power, three-terminal voltage regu- 
lator and a potentiometer. The poten- 
tiometer is for main tuning, and is 
ganged to the main dial of the chassis. In 








to other circuits 


to tuning voltage 
regulator 





© 


12V 
regulated 
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Fig. 2. DC power supply for the DCR test 
chassis. A pair of 9 volt batteries provides 
primary power, which is then regulated to 
12 V by a 7812 IC voltage regulator. 


normal use, this potentiometer is used to 
tune the local oscillator (LO) of the DCR. 

The audio amplifier is the LM386 low- 
power ‘audio system on a chip’ device. 
The LM386 uses a minimum of external 
components, and includes both the audio 
preamplifiers and the power amplifiers 
to produce between 250 mW and 700 mW 
of audio power, depending on the partic- 
ular device specified. The circuit for the 
audio section is shown in Fig. 4, while its 
location on the test bed chassis is shown 
in Fig. 5. Note that the audio section has 
its own +12-V regulator. This is an op- 
tional feature, but does serve to keep 
load variations in the audio amplifier 
from coupling to the rest of the circuitry. 
The audio section is the small circuit 
board on the left side of the chassis right 
by the audio volume control. 

Figure 5 shows the rear view of the 
DCR test bed chassis. As mentioned, the 
audio amplifier section is shown on the 
left. The gray metal box contains either 
the variable air-dielectric capacitor, or 
potentiometer and power supply (Fig. 3), 
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Fig. 3. Tuning voltage source. Potentiometer 


Fig. 1. Test chassis for direct conversion experiments. This chassis incorporates the DC R1 is mechanically ganged to the тат 
power supplies, tuning voltages for RF and LO, and an LM386 audio amplifier stage. 


tuning dial and gear assembly. 
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Fig. 4. “Circuit for the LM386 audio amplifier 
stage on the DCR test chassis. 


either of which may be used to tune the 
local oscillator of the DCRs being tested. 
The 12-V d.c. power supply is located on 
the small printed circuit board to the 
rear of the tuning box. Space is provided 
to the right of the tuning box for the cir- 
cuitry of the DCR being tested. This 
board is changed from one project to the 
other. 

Wiring board construction used two 
different methods. The audio amplifier, 
the tuning d.c. power supply and 12-V 
d.c. regulated power supply were built on 
Radio Shack (Tandy) ‘universal’ printed 
circuit boards. The DCRs, on the óther 
hand, were wired using Vector perf- 
board with a hole grid on 0.1-inch cen- 
tres, or an equivalent product. 

Three different antennas were used 
for testing the DCRs' in this article: a 
5BTV Cushcraft 4-wavelength ham band 
vertical, an outdoor 30-m (100-ft) ran- 
dom length end-fed wire, and a 6-m (20- 
ft) wire strung across the ceiling of my 
basement workshop. Interestingly 
enough, on the HF bands there was not a 
large difference between the outdoor an- 
tennas' performance and only slightly 
more difference between the outdoor an- 
tennas and the indoor antenna. On the 
VLF band, however, the random length 
wire was clearly superior to the other 
two antennas. 


75/80 and 40-m NE602 
design 


The first DCR tested is the John Dillon 
design, which was originally published in 
QS'T? and discussed in Part 1 of this arti- 
cle. The Dillon design is based on the 
Signetics NE602 frequency converter 
chip available in the form of a parts kit 
from PennTek Electronics in the USA (14 
Peace Drive, Lewistown, PA 17044, USA; 
Phone: 717-248-2507 — overseas callers 
note: normally a recording answers). The 
kit contains a printed circuit board and 
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Fig. 5. Rear view of the DCR test chassis. Audio stage is оп the left side, while the tuning 
voltage circuit is within the shielded metal enclosure. The main voltage regulator is behind 
the tuning voltage box (main batteries beneath chassis). Each test receiver was fabricated on 
a piece of perforated circuit board (shown here with the Dillon receiver mounted). In this 
example the audio stage was not needed because it was incorporated in the commercial 
printed circuit board mounted to the receiver board. 


all of the electrical parts needed to build 
the receiver except for the variable ca- 
pacitors. These capacitors are becoming 
difficult to obtain in the USA, but the 
Maplin (P.O. Box 777, Rayleigh, Essex, 
SS6 8LU, UK; phone 0702 554171) cata- 
logue in UK offers several reasonable 
candidates for both RF and LO tuning ca- 
pacitors. 

The circuit for the Dillon design is 
shown in Fig. 6. The RF ‘heart’ of the cir- 


cuit is the NE602 converter chip. The 
NE602 contains the local oscillator (LO) 
and a transistor double-balanced mixer 
(DBM) in the form of a transconductance 
cell. This design provides about 20 dB of 
conversion gain, good sensitivity, and re- 
jection of the LO and RF signal compo- 
nents in the output. However, the early 
design chip is a little lacking in dynamic 
range (a problem reputedly corrected in 
the updated NE612 chip). The Dillon DCR 
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Fig. 6. Circuit for the Dillon H.F. DCR. 
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Fig. 7. DCR design based on a commercial passive double balanced mixer (DBM). 


uses the balanced outputs of the NE602 
(most designs are single-ended) in an ef- 
fort to improve AM rejection. Likewise, to 
match the NE602 output scheme, the 
LM386 audio amplifier is wired in the dif- 
ferential input configuration. 

Dillon’s commercially produced 
printed circuit board was mounted on a 
piece of perf-board (see Fig. 5 again) that 
was cut to fit the space available on the 
test bed chassis. In addition to the Dillon 
board, the perf-board contained the cir- 
cuitry for the RF and LO varactor cir- 
cuits and a 7806 three-terminal voltage 
regulator to reduce the 12 V available on 
the test bed to the 6 V specified by Dillon. 

The Dillon receiver can be used on ei- 
ther 75/80 meters, or 40 meters, depend- 
ing on how the oscillator is configured. 
The performance is optimized for 
75/80 meters, according to Dillon. In a 
telephone conversation John Dillon told 
the author that the 40-meter band was 
added later in accordance with the 
wishes of the original publisher of the 
project. However, despite Dillon’s reser- 
vations, I found the 40-meter perfor- 
mance to be about the same as the 75/80 
meter performance with the possible ex- 
ception of overload problems due to the 
high power AM signals from interna- 
tional broadcasters found in the 40- 
meter band. 

The Dillon design proved to be re- 
markably sensitive, much more so than I 
anticipated. Perhaps that is an advan- 
tage of the 20-dB conversion gain of the 
NE602. 

Criticisms of the design include two 
things related to the audio amplifier. 

First, there is no volume control. The 
level of the output signal is controlled by a 


1000-Q linear taper potentiometer that 
varies antenna signal to the RF front-end. 
I found the lack of a volume contro] dis- 
concerting, but not overwhelmingly so. 

Second, there is a general criticism of 
this design and all other designs I built 
where the LM386 is used alone for the 
audio stage without preamplification. 
The audio gain is insufficient to provide 
for really comfortable listening, espe- 
cially when a loudspeaker was used in- 
stead of earphones. I believe that this 
could be relieved by adding a preampli- 
fier stage ahead of the LM386. If the dif- 
ferential nature of the circuit is to be 
preserved, then an operational amplifier 
can be used for this purpose. Several can- 
didate op-amps (or operational transcon- 
ductance amplifiers) are available that 
work well on single polarity d.c. power 
supplies. 

A crude test of this theory proved in- 
teresting. I attenuated the output of 
Dillon’s receiver with a 1000-Q poten- 
tiometer to make it compatible with the 
input of the LM386 audio amplifier that is 
used in the DCR test bed. The total gain 
of the two LM386s, even with some atten- 
uation, was considerably higher than the 
gain of the receiver circuit alone. The re- 
sult was loud and clear signals that would 
not tax a middle-aged, hard of hearing 
guy like me. Dillon confirmed the lack of 
audio gain. He told me that he had de- 
signed a three-IC version that inserted a 
dual op-amp between the NE602 and 
LM386 (one section was a preamplifier 
and the other an audio filter). He stated 
that the present design was selected be- 
cause of a goal of two-IC simplicity. 

My general assessment of the Dillon 
design is that it makes a decent weekend 


project for anyone who wishes to experi- 
ment with direct conversion radio re- 
ceivers. The receiver can be used as 
designed, or easily modified if that is 
your preference. It is easy to modify for 
bands other than the amateur radio 
bands because both its circuitry and me- 
chanical implementation are straight 
forward. It also provides a basis for ex- 
perimenting with other variations of the 
basic design. 


High-frequency DCR 
based on passive DBM 


The next receiver that I built and tested 
was a high frequency design based on the 
MiniCircuits (P.O. Box 350166, 
Brooklyn, NY, 11235-0003, USA; phone 
718-934-4500) SBL-1-1 passive double- 
balanced mixer (DBM). This mixer de- 
vice provides frequency conversion up to 
500 MHz, at LO power levels up to 
+7 dBm and RF levels up to +1 dBm. For 
higher dynamic range performance, 
there are variants that accept higher lev- 
els in both the LO and RF ports. The cost 
of those devices, however, is also higher 
than the SBL-1-1. If the SBL-1-1 is not 
easily available, then substitute the 
SRA-1 or SBL-1 designs. Alternatively, it 
is relatively easy to achieve reasonable 
performance using a homebrew passive 
DBM (see Part 1 of this series). Such cir- 
cuits use toroidal coupling transformers 
and hot carrier RF diodes for mixing. The 
RF signal is applied to pin 1 of either 
SRA-1 or SBL-1 devices, while the LO is 
applied to pin no. 8; pins 2, 5, 7 and 8 are 
grounded. The IF output is found on 
pins 3 and 4, and these pins must be con- 
nected together for proper operation. 

The circuit for this receiver is shown 
in Fig. 7. The circuit was built on a piece 
of perf-board cut to fit the space avail- 
able on the test bed. The RF front-end of 
the receiver consists of a 10.7-MHz IF 
transformer intended for FM transistor 
radios; a Mouser Electronics (2401 
Highway 287 N, Mansfield, TX, 76063, 
USA; phone 817-483-4422) type 421F123 
was used. FM IF transformers are a little 
broad banded (2200 KHz) for this appli- 
cation, but are convenient. A higher Q, 
narrower band transformer can be built 
if desired. 

Another problem with the 10.7-MHz 
IF transformer is that the tap is not a 
good match to 50 О because the tap 
seems to be at a point where the imped- 
ance is apparently a couple of hundred 
ohms. However, the mismatch did not de- 
teriorate the performance so much that it 
overcame the convenience of the easy-to- 
obtain transformer. Optimization of the 
circuit requires an RF transformer de- 
signed with a 50-Q tap. 

The internal capacitor of the IF trans- 
former can be disconnected if desired, al- 
though I used it as part of the tuning 
capacitance for the circuit. At frequen- 
cies higher than 11 MHz, however, the 
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capacitor will have to be removed. This 
capacitor is found in a small external re- 
cess in the base of the IF transformer. It 
is not easy to ‘disconnect’ the capacitor 
without a lot of work and potential dam- 
age to the transformer. The best way to 
get rid of the capacitor is to crush it with 
a small probe or screwdriver tip. Be sure 
to remove the debris to keep it from 
shorting other circuits. 

The circuit as shown will tune from 
about 5 MHz to greater than 9 MHz 
when the 440-pF varactor is used. The 
total capacitance seen by the trans- 
former secondary consists of the internal 
capacitor (unless removed) plus the com- 
bined capacitance of C, and D,. This ca- 
pacitance is: 


Corr = (С.С) / (Cj 5j) [2] 


You can change the range of the tuning 
by using other values of capacitance than 
the 10 nF shown. When the 10-nF capac- 
itor is used, the total capacitance is very 
nearly the capacitance of the diode. 
Other implementations of C, can include 
combinations of smaller valued fixed and 
variable (trimmer) capacitors. 

The local oscillator for the receiver is 
a JFET Hartley oscillator that uses the 
same type of IF transformer as the RF 
input circuitry for main tuning. The sec- 
ondary of the transformer is tuned to 
10.7 MHz initially, but this frequency is 
modified by the external varactor circuit. 
The particular transformer used must be 
evaluated so that the tap is closer to the 
grounded end than the gate end of the 
winding. I found the correct configura- 
tion by simple comparison of the d.c. re- 
sistance of the segments of the winding 
(B-A and B-C) referenced to the tap 
(0.3 О апа 0.8Q , respectively). This type 
of circuit was discussed in Part 1 of this 
article. 

The tuning varactor has a maximum 
capacitance of 440 pF, but this value is a 
bit large for practical use. Therefore, a 
series capacitance, which is needed for 
d.c. blocking in any instance, is used to 
reduce the total capacitance. The same 
formula as above can be used for deter- 
mining the value of series capacitance 
needed for making the circuit tune to any 
particular range. 

The d.c. power supply was the same 
12-V supply as used for the rest of the 
circuitry. An improved version might use 
a +9-V regulator to supply only the oscil- 
lator transistor. This design would pre- 
vent frequency pulling due to power 
supply noise or voltage variations caused 
by shifts in load current. If the receiver 
had used an incorporated audio power 
amplifier, rather than the outboard style 
used here (which has its own 12-V regu- 
lator), a separate regulator would have 
been indicated. 

The output signal, when а 12-У 4.с. 
power supply was used, was of the order 
of 800 mV,,, so is within the drive range 
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DIRECT CONVERSION RECEIVERS - 2 


permitted by the SBL-1-1. 

The IF output of the DBM (pins 3 and 
4) is terminated in two circuits. First is 
capacitor С, and resistors К, and В.. This 
network forms a 50-Q match to the 50-Q 
output of the DBM for high frequencies 
(a function of the capacitor). The C,/R,/R, 
network absorbs any residual LO and RF 
signal that makes it past the conversion 
process, while allowing the mixer to op- 
erate into its characteristic impedance. 
The second circuit terminating the DBM 
is an audio LC low-pass filter consisting 
of RFC, апа С.. This circuit passes only 
those audio frequencies in the normal 
communications audio bandwidth below 
3 KHz. 

The audio preamplifier for the re- 
ceiver is a two-stage amplifier based on 
common  n-p-n bipolar transistors 
(2N3904 or equivalent). Transistor T, is 
a common base amplifier. It is used be- 
cause its low input impedance is a rea- 
sonable match to the filter and DBM. 
Transistor T, forms an emitter follower 
output amplifier. An active decoupler 
(T4) is used in the power supply line of 
the amplifier. 

Like the other receivers, this design 
suffered from a lack of audio gain, al- 
though this defect was without practical 
effect when only headphones were used 
for reception. If you would like to try im- 
proving the circuit, then try using an IC 
audio preamplifier between the output of 
T4 and the input of the audio power am- 
plifier stage. Also, a higher power audio 
amplifier might prove useful. 


VLF direct conversion 
receiver 


The very low frequency (VLF) bands are 


R2 


those frequencies below the medium 
wave AM broadcast band, i.e., below 
540 KHz. A considerable amount of CW 
(morse code) and radio beacon activity is 
found in the VLF bands all over the 
world. In Europe, there is another broad- 
cast band in the VLF region (145- 
280 KHz). 

The circuit for the VLF DCR is shown 
in Fig. 8. This design is similar to Dillon, 
and also to one published in The ARRL 
Handbook for Radio Amateurs (1993 
Edition), although a number of compo- 
nent values are changed because of the 
changed frequency range. 

The front-end of the circuit is an 
NE602 integrated circuit. In the test cir- 
cuit, the input circuit is untuned, al- 
though tuning can be accomplished by 
connecting a capacitor from point 'A' in 
Fig. 8 to ground. Most readers will proba- 
bly wish to use a combination of a varac- 
tor diode and a parallel fixed capacitor, 
rather than an actual air variable capaci- 
tor, as shown in the inset to Fig. 8. The 
capacitor marked C, can be used to ensure 
the tuning range of the varactor and T,. 

The RF input transformer (Tr,) and 
the local oscillator inductor (Trj) are 
0.63-mH transformers intended for use 
as 455-KHz IF transformers. I used Toko 
RAN-10A6845EK, available in North 
America from Digi-Key (P.O. Box 677, 
Thief River Falls, MN 56701-0677; USA: 
Phone 1-800-344-4539 in USA and 
Canada) as part no. TK-1202. 

The local oscillator circuit connected 
to pins 6 and 7 is a straightforward se- 
ries-tuned Colpitts or Clapp design using 
the inductance of a 455-KHz IF trans- 
former (see above) and a 440-pF voltage 
variable capacitance diode (‘varactor’). I 
used the NTE618 or ECG618 service re- 
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Fig. 8. Circuit for the VLF DCR receiver. 
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58 RADIO AND TELEVISION 


PROGRAMMER & EMULATOR 


The affordable and complete solution for microprocessor development work. 


an A combined eprom programmer and 

P emulator in a solid case for 8-bit 
development work with all eproms from 
27(C)64 to 27(C)512. Features include: 
seven different programming algorithms, 
38400 Baud serial comms for fast 
programming & emulation, auto reset of 
target at start of emulation, 5v. supply 
only required and PC hosted software 
which includes a hex editor & file format 
conversion utilities. 


The PROGULATOR: £180 inc. 


Further details and a DEMO DISK from: 








Use your electronics know-how to 
create great sound! 


Speaker Builder, the world's only loudspeaker 
magazine in English, can show you how to achieve 
excellence in sound from your stereo system. 
Whether you're modifying and improving your 
present speakers or building a new design from 
scratch, Speaker Builder contains the latest in 
loudspeaker technology. Within its pages, learn 
about Thiele-Small design software, build an in- 
expensive measurement mike good enough for the 
professionals, or simply indulge in reading about 
the experiences of others using their technical 
skills to improve the sound around them. 
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placement types for this receiver. 

A feature of using an IF transformer 
for the LO tuning coil is that the sec- 
ondary of the coil can be used as a test 
point (OSC TEST") for measuring the os- 
cillator frequency. 

The output network of the NE602 is 
the differential form seen in Dillon ear- 
lier. A 47-nF capacitor is connected 
across output pins 4 and 5 for AM and 
LO/RF suppression. A differential opera- 
tional amplifier (ІС,) is used as an audio 
preamplifier to boost the signal level 
about 30 dB. The output of this amplifier 
is coupled through С,» to a non-inverting 
amplifer with a gain of 11. This stage 
was initially not used, but the audio out- 
put proved to be lower than I deemed 
comfortable when fed directly to the 
LM386 amplifier on the main chassis. 

Both operational amplifiers are type 
CA3140 BiMOS devices, although it 
must be mentioned that the selection 
was based on supplies on-hand. There is 
no reason why any garden-grade op-amp 
would not work (the required audio 
bandwidth is only 3,000 Hz for SSB and 
even less for CW). A common 741 (which 
shares the pin-outs of the CA3140), or 
any other common op-amp will do nicely. 
Keep in mind, however, that the capaci- 
tors from pin no. 7 of both IC, and IC, are 
absolutely mandatory if CA3140 devices 
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are used, and they must be connected as 
close to the body of the amplifier as pos- 
sible. 

The d.c. power distribution in this cir- 
cuit is simple and straightforward. The 
+12 V supply voltage is applied directly 
to IC, and IC,, which are both wired іп 
the ‘single-supply’ configuration. In the 
case of IC, the amplifier is differential, so 
one of the resistors goes to +5 V rather 
than to ground, as is usual in such ampli- 
fiers. In the case of IC, there is a resistor 
voltage divider (R,/R,) used to bias the 
non-inverting input. Because of this form 
of operation, there will be a potential of 
about +6 V at output pin 6, so as a result 
a coupling capacitor (C4,) is needed to 
prevent interaction with the following 
stages. 

This circuit performed reasonably 
well, but I felt that it lacked some of the 
sensitivity seen in the high frequency 
versions. In addition, there was severe 
interference from AM broadcast band 
signals at 560 KHz, 630 KHz and 
1220 KHz (which station is very close to 
my home). A VLF RF preamplifier and 
proper shielding of both circuits solved 
the problem. I still intend to experiment 
with low-pass filters set to attenuate sig- 
nals above 520 KHz as a means for elim- 
inating the AM signals. 
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Conclusion 


In the two instalments of this article we 
have toured the world of direct conver- 
sion receivers, examined their weak- 
nesses and strengths and provided some 
examples of both circuit elements and 
complete circuits. What is left is for you 
to design and build a version of your own. 

E 
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RS232 INTERFACE FOR UNIVERSAL 
BUS 


Design by A. Rietjens 


HIS is an RS232 extension card for 

the Universal I/O Interface for IBM 
PCs (Ref. 1). The circuit is based on the 
COM81C17 UART (universal asynchro- 
nous receiver/transmitter) from 
Standard Microsystem Corporation 
(SMC). This IC has an on-board pro- 
grammable baud rate generator, which 
obtains its clock from a quartz crystal 
oscillator built around three gates in 
the 74HCT04 package. 

The COM81C17 acts as ап 8-bit 
read/write device on the bus. The 
RS232 handshaking is limited to the 
RTS-CTS (request to send - clear to 
send) pair, which will be adequate for 
most purposes. The status of these 
lines is indicated by two LEDs, D2 and 
D3. The INT (interrupt request) output 
of the IC is used as an activity indica- 
tor. The INT pin goes low when an 'en- 
abled' condition has occurred in the 
status register, which can be read by 
the computer system via the bus. 
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Fig. 1. Circuit diagram of the RS232 interface. 
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m COMPUTERS AND MICROPROCESSORS 


Function Description 





CP1 | pin 18 (CP 1): 0 = CTS (in); 1 = input 
МО (CP2) pin 19 (CP2): 0 = output; 1 = input 


CP2 ‚ рт 19 (CP2): 0 = RTS (ouput);1 = input 


WRITE 128 TO CTRL ADDRESS 
WRITE 0 TO CTRL ADDRESS 
WRITE MODE TO CTRL ADDRESS 


CLK i 0 = internal divider; 1 = divide by 16 
PE | 0 = по parity; 1 = parity enabled 
ODD 0 = even parity; 1 = odd parity 


# of data bits 0 = 7 databits; 1 = 8 databits 


# of stop bits 0-1 stop bit; 1 = 2 stop bits 
924048-13 


оче Fig. 3. UART MODE register programming. 











Fig. 2. UART initialization procedure flow- 
chart. i Function Description 


| 





рїп 18 input pin 18 (inverted) 

Remarkably, the COM81C17 is housed ріп 19 | input pin 19 (inverted); 0 if CP2 is output 
in a 20-pin DIL enclosure. The fact that | TX Shift Empty | 1 if the transmit shift register is empty 
it has 20 pins fewer than the well- 
known AY3-1015D (former 'industry 
standard’) UART is mostly due to the | 
fact that all status signals nor mally fetched 

found on a UART are available as bits Frame Error 1 indicates wrong format received 
in a status register, rather than logic i 
levels on IC pins. These status signals 
include Tx shift register empty, over- RX buffer full ; 1 if the receive buffer is full 
run error, parity error, Rx buffer full, 
and a host of others. The baud rate se- 924048-14 
lection pins are also omitted and re-  Fig.4. UART STATUS register programming. 


Parity Error 1 if parity error detected 





| Overrun Error 1 if a character is overwritten before it has been 


TX Buffer Empty 1 if the transmit buffer is empty 
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Fig. 5. Track layout and component monting plan of the circuit board designed for the RS232 interface (not available through the Readers 
Services). 
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COMPONENTS LIST 


Resistors: 
R1i:R2 = 2kQ2 
R3:R4;R5 = 2200 


Capacitors: 

C1;C2 = 68pF 

C3-C7 = ТОНЕ 16V radial 
С8;С9;С10 = 100nF 


Semiconductors: 
D1;D2;D3 = LED, red, 3mm 
ІСІ = 74HCT245 

ІС2 = COM81C17 * 

ІСЗ = МАХ232 

1С4 = 74HCT04 


* SMC, head office: 35 Marcus Street, 
Hauppage, NY 11788, USA. 
Telephone: (516) 273-3100. 

UK distributors: Golden Gate, 
Maidenhead, Telephone: (0628) 
783631; Ғах (0628) 71120, or 
Manhattan Skyline, Maidenhead, 
Telephone: (0628) 75851. 


Miscellaneous: 

КТ = 20-way boxheader. 

K2:K3 = 10-way boxheader. 

K4;K5 = 9-way angled PCB mount sub- 
D connector. 

Х1 = quartz crystal 5.0688 MHz. 





placed by a ‘software’ equivalent. 

Unfortunately, it is beyond the 
scope of this article to cover all pro- 
gramming functions of the COM81C17. 
For full details, you are referred to the 
datasheets supplied by SMC, or to Ref. 
3. Some information is, however, pre- 
sented to get you started: an initialisa- 
tion procedure flowchart (Fig. 2), mode 
and status register overviews, (Figs. 3 
and 4), the baud rate selection table 
(Fig. 6), and a BASIC program (Fig. 7). 
The latter provides a useful test for the 
hardware by echoeing transmitted 
characters. This requires Кз ог Kg pins 
3 and 5 (data) to be interconnected, 
and pins 4 and 6 (handshaking). Two 
jumpers are provided for this purpose. 
By the way, Ко and Кз are wired such 
that they can be connected directly to 
IDC-style D-connectors via lengths of 
flatcable (a straight ріп1-іо-ріп 1 con- 
nection is used). 

A MAX232 (with on-board negative 
voltage converter) is used in a standard 
configuration to interface the 
СОМ81С17 to the RS232 peripheral 
connected to K4 or Ks. As shown in the 
circuit diagram, these two connectors 
allow the interface to behave like a 
DCE (data communication equipment) 
or a DTE (data terminal equipment). By 
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RS232 INTERFACE 


'tapping' the connections between the 
COM81C17 and the MAX232, a TTL- 


FOR UNIVERSAL BUS 9 


Baud rate 





level serial interface is created, which 
may be used when RS232 levels are 
not required. 

Finally, the addressing of cards con- 
nected to the universal bus, and the 
rules that apply to implementing 


50 
110 
| 134.5 
150 





read/write functions at one address, 
are discussed in Ref. 2. [| 


References: 
1. ‘Universal 1/0 interface for IBM PCs 
and compatibles’, Elektor Electronics 
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1200 
| 1800 





May 1991. 

2. ‘Optocard for universal PC I/O inter- 
face’, Elektor Electronics July/August 
1992. 


3. Databook 4: peripheral chips. 


, 2000 
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Elektor Electronics publication. 
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Fig. 6. UART baud rate selection. 


ADDRESS = &H300 
TXADDRESS = ADDRESS+0 
RXADDRESS = ADDRESS+0 
CTRLADDRESS = ADDRESS + 1 
0 STATUSADDRESS = ADDRESS +1 : 
0 CTRLBYTE ~ 8+16-64 


write only 
read only 


reset tpuart 
80 CTRLBYTE = CTRLBYTE OR 128 
0 OUT (CTRLADDRESS) ,CTRLBYTE 
CTRLBYTE - CTR TE AND 127 
0 OUT (CTRLADDRESS) ,CTRLBYTE 
20 CTRILBYTE = CTRLBYTE OR 128 
T (CTRLADDRESS),CTRLBYTE 








: REM 0: no parity 
(ЕМ 0: ever parity 1: odd pari 
: REM # bits per character 0: 
REM # of stop 
: REM cpl as c i 
: REM ср2 as oup 
REM cp2 functions 
rnternal ciocx 
IO * 2+ CP2 * 4. 
сту 916 4 
(ADDRESS) , MODE 
(ADDRESS) 








приб 








as rts output 


CLK * 
ODD * 32 + BITS 





: REM interrupt on all 


зет baudrate to 2 





Үш = СТА, 
ADDRESS) 
LBYTZ AND (255 8 16)) OR 38 
3),CTRL3YTE 

DDRESS) : IF (А AND 128) «5128 
NP (RXADDRESS) : PRINT A : 


: REM res 





IF (A AND 64) <>64 





> (STA A ЛЫ <>12 

\ RXADDRES 

w^ ვრი HEN PRIN! PA; $ 

ТЕ A<>I ‘THEN PRINT A; Dyer 
SNKEYS : IF AS 


(A AND 128) 











H Prox: Ms 
" THEN END 


ЕМ set cts іп г 


7 bits 
nits 0:1 stop bit and 1: 2 


: REM define ouiputs and transm 


: REM 


GOTO 


write transmit buffer 
read receive buffer 


ts out and internal clock 
ty 

1:08 bits 

stop bits 


8 

* 64 + STOPBITS * 128 
z format 
status changes 

400 ва 





: REM dummy read 


ес error Dise 
enable communication 


THEN 
360 


380 


THEN 390 


8 THEN 410 





Fig. 7. BASIC program to demonstrate the operation of the RS232 interface. 


STROBOSCOPE LIGHT 


A flash tube control circuit is described which is suitable for 
playful as well as serious applications. The unit has a flash 
frequency of up to 100 Hz, and may also be triggered by an 


external source. 


Design by T. Giesberts 


TROBOSCOPE lights аге very 
much in vogue these days, and can 
be seen in discotheques and shop win- 
dows, but also in the hands of the car 
mechanic (actually it is hard not the 
see them, the light of the more power- 
ful units having an almost blinding 
and dazzling effect). 
Where most stroboscope lights have 
a flash rate of between 1 Hz and 10 Hz, 
the present design reaches a maximum 
of about 100 Hz. Although such a high 
frequency is pretty exacting on the 
components used, it does give the stro- 
boscope a much wider application 
area. Apart from creating exciting light 
effects, the circuit may also be used for 
mechanical adjustments (car ignition 
systems), or for advanced studies of 
human movement (particularly in ‘pro- 
fessional’ sports training and physio- 
therapy). 


Block diagram 


The block diagram in Fig. 1 should en- 
able you to get an understanding of the 
operation of the circuit without having 
to know the exact function of each and 
every component. The dashed block in 
the centre of the drawing is the flash 
circuit proper. The flash tube, La, is 
triggered in a conventional manner. 
When the tube is quenched, triac Tri 
acts as an opened switch, so that ca- 
pacitor Сь is charged by the power sup- 
ply via resistor Ry (and Ва). When the 
triac is triggered and starts to conduct, 
the right-hand side of Сь is effectively 
taken to ground, whereupon this ca- 
pacitor discharges itself abruptly via 
transformer Tr. The result is a high 
voltage pulse which is stepped up even 
further by the ignition transformer. 
The pulse fires the flash tube, which 
remains lit until capacitor С. is dis- 
charged. Next, the tube goes out, the 
capacitors are recharged, and the cir- 
cuit waits for a new trigger pulse for 
the triac. 

So far, it all looks pretty simple. 
However, there are a few snags which 
have given rise to a some interesting 


circuit details. Since it was desired to 
have a controlled amount of energy per 
flash, the circuit operates in such a 
way that the flash tube must discharge 
a capacitor, the value of which allows 
the amount of energy to be controlled 
fairly accurately. 

An unexpected problem is caused by 
the charging of capacitor Ca. If the cir- 
cuit is to achieve a high flash rate 
whilst guaranteeing the maximum pos- 
sible flash energy, the capacitor must 
be charged very rapidly. This, in turn, 
requires a fairly small value of resistor 
R,. An obvious disadvantage of the low 
value of R, is that a relatively high cur- 
rent flows through the tube once this 
has been fired. This is undesirable, 
and must be avoided since it can cause 
thermal overloading of the tube. The 
problem is solved by adding (semicon- 
ductor) switch S, which remains closed 
during the charging phase, and is 
opened as soon as an trigger pulse ar- 
rives. Consequently, the supply is dis- 
connected from the flash tube during 
the actual flash. 

Two monostable multivibrators are 
used to supply the trigger pulses, and 
control switch S. ММУ» supplies the 
trigger pulses, while MMV, acts as a 
self-starting oscillator which deter- 











mines the flash rate. First, a charge 
cycle is started for C4, via switch S. 
This is immediately followed by an ig- 
nition pulse for the triac. Controls P, 
and P» allow the charging time and the 
flash repeat time to be adjusted re- 
spectively. In practice, things are a lit- 
tle more complicated than described 
here. A more detailed description will 
be given further on. 

Finally, a switch is shown which en- 
ables the flashing to be stopped. Also, 
provision has been made to drive 
MMV, from an external oscillator. In 
that case, MMV, functions as a mono- 
stable multivibrator rather than an os- 
cillator. 


Practical design 


The circuit diagram of the stroboscope 
light, Fig. 2, is a worked out version of 
the block diagram discussed above. Let 
us first do a quick tour around the var- 
ious sub-circuits. The flash circuit 
proper is easily found because it is 
drawn in the direct vicinity of the flash 
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Fig. 1. Apart from a standard flash tube circuit (shown in dashed outline), the stroboscope 
also contains a power supply and a control circuit. When the tube flashes, the charge current 
which flows into C, is interrupted by electronic switch S. 
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tube, Па), transformer Tr, апа triac 
II). The supply is roughly formed by 
the part around D;-D4 and C,-Co, 
while the drive circuit consists mainly 
of IC), and IC),. Switch S, functions as 
the 'stop' control; K» is the external os- 
cillator input, and switch S shown in 
the block diagram is actually formed 
by a transistor, Тз. 

The supply voltage is taken from the 
mains, and rectified. This causes a di- 
rect voltage of about 340 V across par- 
allel connected high-voltage electrolytic 
capacitors C; and Сә. The flash capaci- 
tor, C4-Cg, is charged via four parallel 
connected 10-watt resistors, R5-Rg. 
Note that the flash capacitor consists 
of five parallel-connected low-loss solid 
capacitors for pulsed applications 
(Siemens MKP types) — an electrolytic 
type with an equivalent value (approx. 
11 uF) would be unsuitable consider- 
ing the highest flash rate of about 
100 Hz. 

The flash tube, Га, requires a firing 
voltage of between 4 and 6 kV. This 
voltage is supplied as a short pulse by 








the secondary winding of transformer 
Tr; when Cg discharges. The same 
pulse, however, also causes a consider- 
able current surge through the primary 
winding of Tr;. Consequently, a rela- 
tively high power triac is used — in this 
case, a TIC263M. 

The drive signals for the triac (firing 
pulse) and the charging switch, T3, are 
supplied by IC;, a double MMV type 
74HC221. This IC was chosen because 
it has some hysteresis on the positive 
trigger input. This affords a high de- 
gree of noise immunity, while the cir- 
cuit is also capable of accepting 
extremely low-frequency trigger pulses. 
After the monotime of IC;4 has elapsed 
(adjustable with Ру), Тз is switched off 
via pin 13. This causes the charging of 
C4-Cg to be stopped. At the same time, 
however, IC)ხ is triggered. The MMV re- 
sponds by supplying a pulse which is 
long enough to trigger the triac via Ту. 

To prevent the flash tube from being 
overloaded while still achieving a rea- 
sonably high flash rate, the charging 
time control (P5) and the flash rate con- 
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trol (Pi) are arranged to interact. This 
is achieved by adding the monotime set 
with Рә to the time set with РІ. In this 
way, Ро also determines the flash fre- 
quency. P, allows a maximum fre- 
quency of about 50 Hz to be set, which 
may be increased to 100 Hz by adjust- 
ing Рә. By virtue of the relatively short 
charging time, the energy fed to the 
flash tube remains more or less con- 
stant. At low frequencies, Pa has a 
smaller effect on the frequency, and 
causes a small variation in brightness 
when the potentiometer is turned. If a 
flash tube is used which is different 
from the one stated in the components 
list, it may even happen that the trig- 
ger voltage drops below the firing 
threshold, and the tube starts to flash 
irregularly when Р» is turned. 

The ‘stop’ press-key is formed by $1. 
If you use a push-to break switch in 
this position, the stroboscope flashes 
as long as you keep the key pressed. 
Alternatively, a normal on/off switch 
enables the circuit to be switched on 
and off permanently. Components Dg 


D1...D6 = 
1N4007 


242 
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Fig. 2. The blocks shown in Fig. 1 are фату easy to find back т this circuit diagram of the stroboscope light. In view of their dissipation, both 
the charging capacitor and the associated series resistor consist of a number of parallel connected components (capacitors C4-C8 and resis- 


tors R5-R8 respectively). 
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8 GENERAL INTEREST 


and Ві are added to enable Сіз to Бе 
discharged during the period set with 
Ро and В! 4-Си. 


Opto-isolators 


Apart from the electronics already dis- 
cussed, Fig. 2 also shows two opto-iso- 
lators, [Со апа IC3. The first serves to 
afford electrical safety by creating iso- 
lation between the input of the external 
trigger oscillator (K2) and the rest of the 
circuit. Jumper JP; allows you to se- 
lect between internal and external trig- 
gering. If you select jumper position 
‘В’, ICia operates as an MMV with P; ef- 
fectively disabled. Dg protects the LED 
in the opto-isolator, and limits the re- 
verse voltage to about 0.7 V. 

The second opto-isolator, ІСз, has а 
quite different function. The control- 
ling of power FET Тз requires an addi- 
tional circuit because а voltage 
difference of some 320 V occurs be- 


tween C4-Cg and the negative terminals 
of С, and C5. Consequently, the gate of 
Тз would have to be driven (by IC,,) 
with a potential which is 300 V higher! 
Obviously, that is a totally impractical 
requirement. Fortunately, the problem 
can be solved in a fairly simple way by 
adding an opto-isolator whose photo- 
transistor is fed from a separate supply 
line. This voltage is derived from the 
mains by rectifier D5-Dg, current lim- 
iters Ra-R4, smoothing capacitor Сз, 
and stabilizer D7. Darlington transistor 
То acts as a buffer between the photo- 
transistor in ICs and the gate of Тә. 
Still on the subject of supply lines, 
IC, and the ігіас drive circuit obviously 
require a suitable supply voltage also. 
Since the current consumption of the 
relevant components is too high to en- 
able it to be supplied directly by the 
mains at reasonable efficiency, a 
miniature (0.35-VA) transformer is 
used (Tra). A couple of electrolytic ca- 


940022 


pacitors and а 7806 (IC4) are added to 
give a small 6-V d.c. power supply. 


Construction 


Before you start building the present 
project, seriously consider the follow- 
ing point regarding electrical safety. 
Most parts in the circuit are at 
mains potential, and are, therefore, 
extremely dangerous to touch. Never 
touch any part while the circuit is 
connected to the mains. Always dis- 
connect the circuit from the mains 
before doing any measurement or 
adjustment. Also note that the high- 
voltage capacitors retain their charge 
for quite a while after the circuit is dis- 
connected from the mains, so be ex- 
tremely careful. 

The artwork of the printed circuit 
board designed for the stroboscope 
light is shown in Fig. 3. Unfortunately, 
this PCB is not available ready-made 





Fig. 3. The PCB is marked by its spacious track pattern between C1-C2 and La1. Always keep in mind that most tracks on the board are 
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through our Readers Services, so you 
have to etch and drill it yourself (alter- 
natively, you may want to have it made 
for you). The track layout is fairly ‘spa- 
cious’. The copper tracks in the section 
roughly between C, and Tr, are very 
wide because of the high currents they 
carry. The connections for potentiome- 
ters P, and Р», socket Кә, switch $1 and 
the jumper are located at the front 
edge of the board. The rear edge has 
the connections for the flash tube, 
while the fuseholder for Е}, and the 
PCB terminal block for connecting the 
mains cable (Kj), are found at the left- 
hand side edge. 

A few notes must be made regarding 
the construction of the unit. Resistors 
Rs through Rg must be mounted at a 
height of about 1 cm above the board 
to allow (ог their dissipation. 
Transistor Тз must be mounted on a 
fairly large heat-sink using an insulat- 
ing washer and a bush. Given the cur- 


Q 
% 


rent through the flash tube, and its 
heat dissipation, the connection to the 
contacts provided on the board must 
be solid. For the prototype, spade ter- 
minals were used of the type found in 
cars. If it is desired to fit the tube at 
some distance from the board, mains 
rated cable should be used with good 
insulation properties and a minimum 
cross-sectional area of 2.5 mm?. 

The potentiometers must be types 
with a plastic spindle. They are fitted 
direct on to the board using small 
brackets. The PCB layout is such that 
various types of mains transformer can 
be used. Voltage regulator IC4 is only 
lightly loaded. Consequently it dissi- 
pates little heat, and can make do 
without a heat-sink. 

Once all components are fitted on to 
the board, run a very careful inspec- 
tion on your solder work. Also check 
the polarity of the high voltage elec- 
trolytics, Сі and С», and diodes D;-D.,. 





extremely dangerous to touch since they are at mains potential or even higher. 
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STROBOSCOPE LIGHT les 


The photograph in Fig. 4 shows the 
prototype of the PCB after completing 
the solder work and the visual inspec- 
tion. 


A case for a case 


The choice of a suitable enclosure for 
the circuit will depend greatly on the 
nature of the application. One option is 
to fit the flash tube behind a window, 
in the same case as the control circuit. 
Alternatively, you may want to mount 
the tube in a separate, duly insulated, 
case, and connect it to the control cir- 
cuit via a length of insulated cable. For 
the sake of safety, the control circuit 
must be mounted in a metal case 
which is connected to the mains earth 
line via a good quality mains socket. 
Another point that deserves your at- 
tention is the heat developed by some 
parts of the circuit, notably R5-R8, T3 
and the flash tube. Keep in mind that 


წ GENERAL INTEREST 


Resistors: 
R1;R2 = 150 БУУ 
R3;R4 = 15КО SW 
R5-R8 = 5609 10W 
R9;R10 = 5КО6 

‚ R11 = 820 

| R12 = 2700 
R13 = 22kQ 

| R14 = АКО? 
R15 = 330kQ 
R16;R22;R23 = 1000 


| R25 = 18КО 

R26 = 180 

R27 = 1КО5 

R28 = 407 

Р1 = 1МО log. (all ABS) 
| Р2 = 10kQ lin. (all ABS) 


Capacitors: 

С1;С2 = 47uF 350V (Siemens B43050- 
C4476-T)! 

C3;C17 = 100uF 25V radial 

С4-С8 = 2uF2 400V МКР (Siemens 
B32650-K4225-J)' 

C9 = 100nF 400V MKP (Siemens 

B32650-K4104-J)' 
C10 = 1nF 
C11;C13 = ТИР, pitch 5mm 





Fig. 4. Finished printed circuit board with components loaded, ready for mounting into a 
metal enclosure. 


COMPONENTS LIST 


С12,С14 = 100nF 
C15 = 10uF 63V 
C16 = 4uF7 63V 


Semiconductors: 

B1 = В80С1500. 

01-06 = 1N4007 

07 = 18V 1Wb zener diode 
р8,09 = 1N4148 

Т1 = вены 


Tit = TIC263M 


Miscellaneous: 

JP1 = 3 PCB pins. 

K1 = 2-way PCB terminal block, pitch 
7.5mm. 

K2 = BNC socket. 

$1 = Press-key w. make contact, mains 
rated. 

Е1 = Glass fuse 0.5A slow, уу. PCB 
holder. 

Lal «Xenon flash tube, e.g., FT-152G 
(Display Elektronika)?. 

Tri = 6-kV trigger transformer, e.g. 58 
16 15 (Conrad). 

Тг2 = Mains transformer 2x9V, e.g, 


196-757 (Electromail)* . For 220V 
mains: BV 20 0009 (Hahn), _ 
1090007М (Velleman) or EE20- _ 
0.35VA (Conrad). 

Heat-sink for T3. 

Two spade terminals, screw-mou nt. 


1 ElectroValue, Unit 3, Pant al Trading 
Estate, Staines TW18 4UX. Te. (0784) 
442253, fax (0784) 460320. 1 

* ey "uui ae 


53 283075 · 

4 Electromail, Р.О. Box 33, Corby, | 
Northants NN17 SEL, England. Tel. | 
(0536) 204555, fax (0536) 405555. 





the heat dissipation increases with the 
flash rate. Some means of ventilation 
must, therefore, be provided in the 
case. If the flash tube and the control 
board are fitted in a single case, a 
small fan is probably no luxury. 
Finally, a word about the flash tube. 
These devices come in many sizes and 
specifications. Many of these are suit- 
able for use in the present circuit, and 
there is no need to insist on using the 
one mentioned in the parts list (FT- 
152G), although this has been tested 
by us, and is known to give good re- 
sults even at the highest flash rate. 
The temperature of the tube rises with 
the repeat rate set with the poten- 
tiometers. This on its own causes ther- 
mal problems with some tubes. 
Unfortunately, a related problem then 
arises; the ignition voltage increases 
with the device temperature, so that 
the tube does not light at every dis- 
charge. In particular as regards too 
small tubes, be warned that the high- 
est frequency that can be generated by 
the circuit may result in too much en- 
ergy being fed to the tube. This may 
cause the lifetime of the tube to be re- 
duced considerably. || 
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READERS’ CORNER 


CORRECTIONS 


Liquid crystal displays 
(February 1994 - p. 46) 


Some pin numbers of IC; in Fig. I are 
shown incorrectly: pins ] and 3, and pins 4 
and 6, should be interchanged. 


Telephone-controlled switch 
(January 1994 - p. 58) 


The address of Chesilvale Ltd. in the 
Components List on p. 60 should read: 
Unit 3, Maes Glas Industrial Estate, 
Newport, Gwent NP9 2NN; 
Telephone +44 (0)633 223 552; 

Fax +44 (0)603 223 948. 


PRODUCT NEWS 


Parallel port data acquisition offers 
high performance at low cost 


New from Computer Instrumentation Ltd 
is the ‘Parallel Pad’ Data Acquisition 
System. Connected to a PC or Notebook 
computer parallel port, the ‘Parallel Pad’ 
achieves data acquisition at up to 100 KHz 
using a 12 bit converter with program- 
mable ranges from +10 mV to +10 V. 

An additional screw terminal block as- 
sembly may be plugged in providing 8x4 
wire inputs suitable for a range of sensors 
including thermocouplés, PRTs, accel- 
rometers, mV signals and mÀ signals. 
Also provided are 32 programmable logic 
input/output channels and two 
counter/timers for frequency measure- 
ments, and so on. 

Powered from the mains, or its own in- 
ternal batteries, the unit is suitable for lab- 


COMPONENT RATINGS 


Inresistor and capacitor values, decimal points 

and large numbers of zeros are avoided wher- 
ever possible. Small and large values are usu- 
ally abbreviated as follows: 


p(pico-) 210-7? 
n(nano- = 10-9 
u(micro-) = 10-6 
m(milli-) = 10-3 
k (kilo-) -10% 
М (mega-) = 106 
G(giga) = 107 


Note that nano-farad (nF) ts the international 
way of writing 1000 pF or 0.001 UF. 
Resistors are !/3 watt, 5% metal film types un- 
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oratory, factory or field use. A stand-alone 
(wake/sleep) data logghing mode then al- 
lows the notebook to be taken home. leav- 
ing the ‘Parallel Pad’ to collect data under 
battery power. 

At £445-00, the basic cost includes а 
range of software drivers for BASIC, 
Pascal, C, and Visual BASIC for 
Windows, together with versions of 
Computer Instrumentation’s SoftScope 
and Data Logging software. 

Computer Instrumentation Ltd, Bld. по. 3 
Woods Way, Goring, Worthing, England 
ВМІ2 40Ү; 

Telephone +44 (0)903 700 755; 

Fax +44 (0)903 700 788. 


Let Maplin Electronics help beat the 
fuel VATman 


With the imposition of VAT on fuel to 
come into operation this month, it is not 
too soon to be planning ways and means of 
reducing the household and office fuel 
bills. One sure fire way is the implementa- 
tion of fuel saving devices and controllers 
and it is here that Maplin Electronics can 
help everyone to save money. The new 
Maplin catalogue (see back cover) fea- 
tures many cost effective, value for money 
products designed with energy saving in 
mind. 

New from Maplin is the 24-hour Pro- 
grammable Timer which has many secu- 
rity and energy saving uses. Lights and 
radio can be timed to switch on and off 
throughout the day and night for security 
purposes, and a random program mode al- 
lows lights to be switched at random for 
even higher protection. 

Also from Maplin is the Digital Time- 
switch comprising a battery powered 
clock with LC display which controls 
power throughout to a mains outlet. The 
unit plugs into a standard wall socket in 
which position the display and controls are 


less otherwise specified. 


The direct working voltage of capacitors (other 
thanelectrolytic ortantalum types) is assumed 
to be 260 V. Asa rule of thumb, a safe value 
is about 2x direct supply voltage. 


Direct test voltages are measured with a 20 КО/У 
meter unless otherwise specified. 


Mains (power line) voltages are not listed in the 
articles. It is assumed that our readers know 
what voltage is standard in their part of the 
world. 


Readers in countries that use 60 Hz supplies, 
should note that our circuits are usually designed 
for 50 Hz. This will not normally cause prob- 
lems, although if the mains frequency is used 


easily seen. 

Also new is the 7-day Immersion 
Heater Controller, a wall mounted unit 
that provides rconomical and convenient 
control of electric immersion heater sys- 
tems. Easily programmable, the controller 
allows up to seven on/off switching pro- 
grammes with automatic everyday alloca- 
tion, providing up to 49 on/off settings per 
week. An optional 'boost' facility enables 
instant override for one or two hour peri- 
ods. 

Also available is a Room Thermostat 
which features easy-to-use controls for all 
kinds of heating system. Mounted on the 
wall, this thermostat, once set to the re- 
quired temperature, will automatically 
trigger the heating system to come on and 
go off in order to maintain that tempera- 
ture. This unit can be linked to any pump 
to control gas, solid fuel or oil fired central 
heating, warm air and electric underfloor 
or ceiling systems. The unit includes an 
'accelerator' which reacts quickly to 
changes in room temperature so as to 
maintain an even level. 

АП items available from Maplin shops 
(including the new Northampton, Milton 
Keynes and Slough stores) or by mail 
order. (Please note: there is a 1:40 charge 
levied on every mail order to go towards 
the cost of handling and packing. On large, 
fragile or heavy items, an additional 
charge is made to contribute towards the 
cost of carriage, up to a maximum of 
£5-70 per order). 

The Maplin 1994 Catalogue is available 
at £2-95 from W H Smith, R S McColl 
(Scotland) and local Maplin shops. Mail 
order price UK: £3-45. 

Maplin Electroncis, PO Box 3, 
Rayleigh, England SS6 8LR; Telephone: 
Sales +44 (0)702 554 161; 

Enquiries +44 (0)702 552911; 
Fax +44 (0)702 553 935. 


for synchronization, some modification may 
be required. 


The international letter symbol‘ U’ is used for 
voltage instead of the ambiguous ‘У’. The let- 
ter V is reserved for ‘volts’. 


The size of a metric bolt or screw is defined 
by the letter M followed by a number corre- 
sponding to the overall diameter of the thread 
in mm, the x sign and the length of the bolt or 
screw, also in mm. For instance, an M4x6 bolt 
has а thread diameter of 4 mm and a length of 
6mm. The overall diameter of the thread in the 
BA sizes is:0 BA=6.12 mm; 2 BA=4.78 mm; 
4 BA = 3.68 mm; 6 BA = 2.85 mm; 8 BA = 
2.25 mm. 


High sensitivity frequency 
counter/finder 


Quantek Electronics have introduced a 
high sensitivity pocket size frequency 
counter/finder, Model FC2000, capable of 
measuring frequencies from | MHz to 

2.4 GHz. 

Conventional frequency counters typi- 
cally have a specified sensitivity of 10 mV, 
whereas that of the FC2000 is «1 mV be- 
tween 10 MHz and 850 MHz and is typi- 
cally 225 pV at 150 MHz. This enables the 
FC2000 to be used for measuring trans- 
mitted radio frequency signals as well as 
for laboratory bench measurements. 

The compact and rugged design of the 
FC2000 makes it ideally suited for use by 
field service engineers, radio amateurs, 
scanning receiver owners for frequency 
finding, and counter surveillance opera- 
tors. 

The FC2000 has a bright 8-digit LED 
display, two gate times, hold function, 
charge and gate LEDs, 50-Q BNC input, 
internal 700 mAh NiCd batteries, and is 
supplied complete with a.c. mains adap- 
tor/charger and telescopic BNC antenna. 

The FC2000 costs £119 + £5 p&p and 
is available direct from Quantek Elec- 
tronics, 3 Houldey Road, Birmingham, 
England B31 3HL. Telephone +44 (0)21 
411 1821; Fax +44 (0)21 411 2355. 


Mitsubishi 38000 Series of 8-bit micro- 
controllers from Highland Technology 


Available from Highland Technology is 
the Mitsubishi 38000 Series of 8-bit mi- 
crocontroller, which includes general-pur- 
pose types as well as devices designed 
specifically for controlling vacuum fluo- 


rescent and liquid crystal displays. 

The controllers are designed for ease of 
use and versatility, with ROM, RAM, I/O 
and control registers all within the same 
address space to allow data transfer and 
operation to be performed by common in- 
structions. 

The devices can operate in either sin- 
gle-chip mode, accessing only internal 
memory, or in expanded and external 
memory modes in which I/O ports become 
address, data and control lines, mapping 
external memory and peripherals. 

Further details from Highland 
Technology, Albert Drive, Burgess Hill, 
England RH15 9TN. Telephone 
+44 (0) 444 236 000; fax +44(0)444) 

236 641. 


TOR 1502 Digital Multimeter 


The TOR 1502 Digital Multimeter is an 
easy-to-usc, hand-held, high-accuracy 
meter, all range and functions of which are 
selected by rotary switch and displayed on 
a large 23 mm 31/5 digit liquid crystal dis- 
play. Among its features are: frequency 
testing up to 1 MHz, capacitance testing in 
five ranges up to 99.9 ЦЕ; when used in 
conjunction with any of the optional 
K-type thermocouples, it has a wide tem- 
perature testing range of -20 °C to 
1300 °C. With automatic positive and neg- 
ative indication, diode test, over-range in- 
dication, overload protection, low battery 
indication, continuity beeper and current 
testing up to 10 A, it is particularly useful 
for all kinds of service engineering, test 
management and laboratory applications. 
The TOR 1502 is supplied complete with 
test leads and instruction manual. 

Full details from TOR Technologies, 


TOR House, Earl Shilton, Leicester, 
England LE9 7DG; Telephone +44 (0)455 
844 114; Fax +44 (0)455 844 116. 


GENERAL NEWS 


Piracy on the high CDs 


Recent IFPI (International Federation of 
the Phonographic Industry) figures show 
that the number of pirated CDs illegally 
printed or imported into the UK reached 
700,000 in 1992. In 1991 there were 
hardly any. 

CD piracy is increasing dramatically 
throughout Europe — IFPI research sug- 
gests there were 13 million illegal discs in 
1991 and nearly 19 million in 1992 – and 
whilst the number of illegal discs sold in 
the UK last year amounted to only 1% of 
total sales, that figure is expected to in- 
crease greatly this year both here and in 
Europe. 

With the growth of the domestic and 
commercial multimedia and CD-ROM 
markets, it can not be long before they, 
too, become noticeably atfected by illegal 
counterfeiting — with resultant revenue 
loss to publishers, game-ware producers , 
film companies, and others. 

Disctronics, Europe's leading indepen- 
dent CD manufacturer, have sailed to the 
rescue with the introduction of a low-cost 
and effective counter measure which iden- 
tifies the CD as being genuine and also 
prevents a disc from being copied. They 
have announced their ability to print holo- 
grams in colour on CDs. This not only 
provides security — it is virtually impossi- 
ble to copy a hologram 
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ble to copy a hologram without extremely 
sophisticated (and expensive) equipment — 
but the discs also look highly attractive. 
More importantly, it allows the customer to 
identify the genuine product and avoid buy- 
ing a sub-standard imitation. 

Integrating this hologram into the CD 
has been developed by Disctronics by plac- 
ing the optical security information on the 
same side as the sound/data track. It will 
also include hidden optical information for 
the independent evaluation requirements of 
the trading standards authorities. 

Disctronics is one of the pioneers of the 
CD-ROM and multimedia revolution. Last 
December, they became the first company in 
the world to produce Video-CD (the use of 
digital compact discs with film footage) to 
the agreed White Book Standard. This al- 
lows CDs to be played on all platforms, in- 
cluding Commodore Amiga CD32, CDi and 
Multimedia PC. 

For consumers, this will mean that they 
can buy any Vidco-CD player in the knowl- 
edge that it will play not only their music 
CDs, but also open up the huge range of 
Video-CDs which will be coming on to the 
market in the next few months — including 
fiolms, games-ware and music videos. 

Further information from Disctronics 
UK CD-ROM Division, South water 
Business Park, Worthing Road, Southwater, 
England RH13 7YT. Telephone +44 (0)403 
732 302; fax +44 (0)403 732 313. 


SWITCHBOARD 


Switchboard allows all PRIVATE READERS of 
Elektor Electronics one FREE advertisement 
of up to 108 characters, including spaces, 
commas, numerals, etc., per month. 

Write the advertisement, which MUST 
relate to electronics, in the coupon on this 
page; it MUST INCLUDE a private telephone 
number or name and address; post office 
boxes are NOT acceptable. 

Elektor Electronics (Publishing) can not ac- 
cept responsibility for any correspondence or 

| transaction as a result of a free advertisement 
or of any inaccuracy in the text of such an ad- 
vertisement. 

ს Advertisements will be placed in the order 

| in which they are received. 

|| Elektor Electronics (Publishing) reserve 

| the right to refuse advertisements without 
giving reasons or without returning them. 





FOR SALE. Data base disk of Elektor Elect- 
ronics 1983-1993, DB3 based; includes search 
program; £ 9-95. Call Gary on 081-861-2216. 


НЕГЕР! Can anyone suggest a source of 
210kV 220 mA fast diodes for my home-brew 
Switch-mode PSU? Phone Alan on 081 800 0982. 


WANTED. 27128 EPROMs 21 V. Please phone 
(0222) 566 413. 


WANTED. Information on PCB and schematic 
programs used т Elektor Electronics. Please 
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Increase your electronics 
know-how and skills 


The speed and intensity with which electronics penetrates our daily lives 
at home, at work, or in our car, tends to make us forget that we can use 
electronics creatively by building designs with a practical application 
and having the satisfaction of a successfully finished project. Elektor 
Electronics, which is distributed all over the world, can help you achieve 
these goals. Throughout the year, the magazine features original 
construction projects, informative articles and news on the gamut of 
electronics, science & technology, book reviews and information on new 
products. The past 11 issues contained 80 major and 97 minor 
construction articles, 21 articles of an educative or instructional nature. 
and 10 articles dealing with Science & Technology. 

If you wish to increase your electronics know-how and skills, take out an 
annual subscription to Elektor Electronics by writing or faxing to 


World Wide Subscription Service Ltd 
Unit 4, Gibbs Reed Farm 
Pashley Road, Ticehurst 
East Sussex TN5 7HE, England 
Telephone (0580) 200 657; Fax (0580) 200 616 


You will then have the convenience of having the magazine delivered to 
your home, and the peace of mind that you will not miss any issue. The 
1994 worldwide rates for an annual subscription (11 issues) are shown 


on page 72. 


write to William Wallace, 934 Sharon Drive, 
Lebanon, Ohio 45036, USA., or phone (513) 
932-1277. 


FOR SALE. Z80-based computer, keyboard, 
monitor, disk drive, documentation, software, 
£ 150 o.n.o. Call after 6 p.m. (0905) 353 531. 


WANTED. Acorn Atom with disk drive, any 
condition. Please ring (0729) 860 224. 


WANTED. Epsom FX800 circuit. Please write 
to R. Click, 12 Avon Grove, Cheadle, Stoke on 
Trent, Staffs ST10 1QR. 


FOR SALE. Philips scope PM3217, 50 MHz, 
calibrated will October 1994, with leads and 
pouch. £250 o.n.o. Please ring 091 372 0923. 


HELP! | need some information about the 
Orcad program. | need the file 'LIB EDIT' for 
3.21 version. Thanks in anticipation. Please write 
to Luis M. Pinto, C. de Vila-Nespereira, 4620 
Lousada, Portugal. 


FOR SALE. PDP 11/23 main frame, 3 RLO2 
disk, 2 VVT320 terms, 12 hard drive disks, work- 
ing. £2500.n.o. Please phone (0642) 711 368. 


WANTED. Information/manual W.H.Y. for S.E. 
Labs 2001A frequency response analyser. 
Please ring (0602) 372 109. 


FOR SALE. Z8 microcontroller-based single 
board computer system EPROM monitor, RS232, 
non-volattile RAM from £32. Call (0642) 480 620. 





Send this coupon to 
Elektor Electronics (Publishing) 
P.O. Box 1414 
Dorchester DT2 8YH 
England 


Block capitals please — one character to each box 


ELEKTOR ELECTRONICS 03/94 


Name and address MUST be given 





70 


READERS SERVICES 


Except in the USA and Canada, all orders, except for 
subscriptions and past issues (for which see below), 
must be sent BY POST to our Dorchester office using 
the appropriate form opposite. Please note that we 
can not deal with PERSONAL CALLERS, as no stock 
is carried at the editorial and administrative office. 
Readers in the USA and Canada should send orders, 
except for subscriptions (for which see below), to Old 
Colony Sound Lab, Peterborough, whose full address 
is given on the order form opposite. Please include 
shipping cost according to total order value. For sur- 
face delivery in the USA, if order is less than $50, in- 
clude $3; $50+, $4. For Canada surface, if less than 
US$50, include US$5; US$50+, US$7.50. For air or 
other deliveries, please inquire. Please allow 4-6 
weeks for delivery. 

All other customers must add postage and packing 
charges for orders up to £25.00 as follows: UK and 
Eire £1.95; surface mail outside UK £2.45; Europe 
(airmail) £2.95; outside Europe (airmail) £3.70. For or- 
ders over £25.00, but not exceeding £100.00, these 
p&p charges should be doubled. For orders over 
£100.00 in value, p&p charges will be advised. 


SUBSCRIPTIONS & PAST ISSUES 


Subscriptions and past issues, if available, should be 
ordered from Worldwide Subscription Service Ltd, 
Unit 4, Gibbs Reed Farm, Pashley Road, TICE- 
HURST ТМ5 7HE, England. For subscriptions, use 
the order form on the opposite page. Prices of past is- 
sues (except July/August and December), including 
postage for single copies, are £2.70 (UK and Eire); 
£3.00 (surface mail outside (5); £3.20 (air тай 
Europe); £3.95 (airmail outside Europe). Prices of past 
July/August and December issues, including postage 
for single copies, are £3.75 (UK); £4.00 (surface mail 
outside UK); £4.25 (airmail Europe); and £5.00 (air- 
mail outside Europe). 


PAST ARTICLES 


Photocopies of articles from January 1978 onwards 
can be provided, postage paid, at £1.95 (UK and Eire), 
£2.10 (surface mail outside UK), £2.45 (airmail 
Europe), or £2.70 (airmail outside Europe). In case an 
article is split into instalments, these prices are applic- 
able per instalment. Photocopies may be ordered 
from our editorial and administrative offices. 


COMPONENTS 


Components for projects appearing in Elektor Elec- 
tronics are usually available from appropriate advertis- 
ers in this magazine. If difficulties in the supply of 
components are envisaged, a source will normally be 
advised in the article. It should be noted that the 
source(s) given is (are) not exclusive — other suppli- 
ers may also be able to help. 


7 [= ее]. 
For book availability, see advertisement оп раде 51. 


SHELF BOX 


Elektor Electronics shelf box........... Е2,95............ 56.00 
FRONT PANEL FOILS 


PROJECT No. Price Price 
(£) (US$) 

Timecode interface 910055-F 8.80 17.60 

Digital function 

generator 910077-F 10.60 21.20 

4-Megabyte printer 

buffer 910110-F 11.45 22.90 

FM tuner 920005-F 13.20 26.40 

4MB printer buffer card 920009-F 8.25 16.50 

LC meter 920012-F 11.45 22.90 

Guitar tuner 920033-F 8.80 17.60 

NICAM decoder 920035-F 8.25 16.50 

12VDC to 240VAC 

inverter 920038-F 16.15 32.30 

Audio DAC 920063-F 10.00 20.00 

Dig. audio/visual system 920022-F1 10.00 20.00 
920022-F2 19.40 38.80 
920022-F3 28.80 57.60 

1.2 GHz multifunction 

frequency meter 920095-F 13.80 27.60 

U2400B NiCd battery 

charger 920098-F 8.75 17.50 


Book advert paginanummer ??? 


PROJECT Мо. Price Price 

(£) (US$) 
Workbench PSU 930033-F 17.00 34.00 
Inexpensive phase meter 930046-F 17.25 34.50 
Mini preamplifier 930106-F Not available 
AF rms voltmeter 930108-F 17.25 34.50 


EPROMS / PALS / MICROCONTROLLERS 


Amiga mouse/joystick 


switch (1 х GAL 16V8) 6001 8.25 16.50 
4-Megabyte printer buffer 

(1 x 2764) 6041 15.30 30.60 
8751 emulator 

incl. system disk (MSDOS) 6051 29.40 58.80 
Connect 4 (1 x 27C64) 6081 15.30 30.60 
ЕМОМ51 (8051 assembler 

course) (1 x 27256+disk 1661) 6061 20.00 40.00 
ЕМОМ51 (8051 assembler 

course) (1 x 27256+disk 1681) 6091 20.00 40.00 
FM tuner (1 x 27C256) 6101 15.30 30.60 
Multi-purpose Z80 card: 

GAL set (2 x GAL 16V8) 6111 11.15 22.30 
Multi-purpose 280 card: 

BIOS (1 x EPROM 27128) 6121 15.30 30.60 
1.2 GHz multifunction 

frequency meter(1 x 27C256) 6141 11.45 22.90 
Digital audio/visual system 

(1 x 27C256) 6171 10.30 20.60 
TV test pattern generator 

(1 x 27256) 6151 13.00 26.00 
DiAV system. Package: 

1 x 27512; 2 x GAL; 1 x 

floppy disk (MSDOS) 6181 30.50 61.00 
PAL test pattern generator 

(1 x GAL 20V8-25) 6211 9.40 18.60 
80C535 assembler course 

(1 x ЕМОМ52 EPROM and 

1 x disk 1811) 6221 17.05 34.10 
Watt-hour meter (1 х 27256) 6241 10.00 20.00 
Four fold DAC (1 x GAL) 6251 10.75 21.50 
Multipurpose display decoder 

(1 x 2764) 6261 11.50 23.00 
Telephone-controlled switch 

(1 x 2764) 6271 14.50 29.00 
Relative humidity meter 

(1 x 2764) 6301 14.50 29.00 
535 card w. EPROM emulator 

(1 x PAL; 1 x GAL) 6311 26.00 52.00 
Copybit eliminator (1 x GAL 

16V8 and 1 x MACH110) 6321 42.25 84.50 
RDS decoder (1 x 27C64) 6331 14.50 29.00 
I?C tester (1 x GAL 6001) 6341 30.75 61.50 
8751 programmer (1 x 8751) 7061 4640 92.80 
Microcontroller NiCd charger 

(1 x ST62E15) 7071 10.00 20.00 
Maxi micro clock (clock) 7081 11.50 23.00 
Maxi micro clock (darkroom timer) 7091 11.50 23.00 
Maxi micro clock (cooking timer) 7101 11.50 23.00 
Mini micro clock (clock) 7111 11.50 23.00 
Mini micro clock (darkroom timer) 7121 11.50 23.00 
Mini micro clock (cooking timer) 7131 11.50 23.00 
VHF/UHF TV tuner 

(1 x 87051) 7141 25.75 51.50 
Microntroller-driven UART 

(1 x ST62T10) 7151 17.25 34.50 
PIC programmer 

(1 x PIC17C42 and 1 x disk) 7161 50.00 100.00 


DISKETTES 


Plotter driver (D. Sijtsma) 1541 11.15 22.30 
МО interface for Atari 1571 7.65 15.30 
Tek/Intel file converter 1581 7.65 15.30 
B/W video digitizer 1591 11.15 22.30 
Timecode interface 1611 7.65 15.30 
RTC for Atari ST 1621 7.65 15.30 
24-bit colour extension 

for video digitizer 1631 11.15 22.30 
PC controlled weather 

station - 3 (supersedes 

disks 1551 and 1561) 1641 7.65 15.30 
8051/8032 Assembler course 

(IBM version) 1661 7.65 15.30 
8051/8032 Assembler 

course (Atari version) (3.5”) 1681 7.65 15.30 
AD232 converter 1691 7.65 15.30 
GAL programmer (3 disks; 

upgrade: June 1993) 1701 11.15 22.30 


‘A list of all PCBs, software products and front panels available through the Readers Services is 


published in the March, June, September and December issues of Elektor Electronics. 





PROJECT No. Price Price 
(£) (US$) 
Multi-purpose 280 card 1711 7.65 15.30 
Fuzzy Control One 1721 7.75 15.50 
Pascal library for MMC 1751 9.70 19.40 
Speech/sound memory 1771 7.65 15.30 
PC-aided transistor tester 1781 7.50 15.00 
IR receiver and DTMF decoder 
for 80C32 SBC 1791 9.00 18.00 
80C535 assembler course 1811 8.80 17.60 
12С opto/relay card 1821 7.65 15.30 
Video digitizer for PCs 1831 14.50 29.00 
GAL programmer for Amiga 1841 11.00 22.00 
ІРС alphanumerical display 1851 8.50 17.00 
Philips preamplifier 1861 8.50 17.00 
GAL programmer (excl. Opal 
Jr. disks) 1881 10.75 21.50 
Precision clock for PCs 1871 8.50 17.00 
X2404-to-8751 interfacing 1891 8.50 17.00 
Mini ИО card for Casio 
FX850/880P 1921 10.75 21.50 
SIM — ап 8051 simulator 1931 34.25 68.50 


PRINTED CIRCUIT BOARDS 


Printed circuit boards whose number is followed by a 
+ sign are only available in combination with the as- 


sociated software item, and can not be supplied sepa- 
rately. The indicated price includes the software. 





DECEMBER 1993 
535 card w. EPROM emulator 


incl. GAL and PAL (6311) 930103+ 47.50 95.00 
AF rms voltmeter 930108 12.25 24.50 
ІРС power switch 930091 6.25 12.50 
Medium power HEXFET 

amplifier 930102 12.75 25.50 
Microcontroller driven UART 930073 4.75 9.50 
SCART switching box 930122 14.25 28.50 
Low-power NBFM transmitter 914114 Not available 
Photographic workshop light 930116 Not available 
Stereo PWM output amplifier 934076 Not available 
JANUARY 1994 

Digital dial 920161 12.75 25.50 
RDS decoder 

incl. EPROM (6331) 930121+ 23.75 51.50 
12C tester 

incl. GAL (6341) 9301284 36.25 72.50 
Telephone-controlled switch 

incl. EPROM (6271) 934054-- 37.25 74.50 
FEBRUARY 1994 

80C535 single-board 

computer 924046 14.10 28.20 
Copybit eliminator 

incl. MACH and GAL 930098+ 46.25 92.50 
Mini preamplifier 930106 29.25 58.50 
Bidirectional RS232-to- 

Centronics converter 930134 14.00 28.00 


24 ст FM ATV transmitter PCB available from author 


MARCH 1994 

PIC programmer 

incl. software set 7161 
100W AF amplifier 


940048+ 64.75 129.50 


- adaptor board 930039 8.25 16.50 
- amplifier board 920135-1 19.40 38.80 
- protection board 920135-2 7.95 15.90 
Mini I/O card for Casio 

FX850/880P 930090 Not available 
AF signal tracer 940006 Not available 
Electronic fuse 936071 Not available 
APRIL 1994 

Mains transmission system 

(receiver) 940021-1 10.25 20.50 
68HC11 processor board 930123 7.75 15.50 
RS232 speedometer 930119 Not available 
Stroboscope light 940022 Not available 
Headphones amplifier 940016 18.75 37.50 
Halogen light dimmer 940034 Not available 
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Please send this order form to * 4-94 
Elektor Electronics (Publishing) О R D E R FO R M 
P.O. Box 1414 VAT No.GB 454 135 463 


Dorchester DT2 8YH 


ENGLAND 
Tel. (0305) 250995 
Fax (0305) 250996 


Address 








*USA and Canada residents only: use $ prices, and send 
order torm to: 

Old Colony Sound Lab, P.O. Box 243, Peterborough, Post code 
NH 03458. 
Tel. (603) 924-6371, 924-6526, Fax: (603) 924-9467 Telephone 








Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and 
diskettes, state the part number апа description; for books, state the full title; for photocopies of articles, 
state full name of article and month and year of publication. Please use block capitals. 


Qty. Description Price 











Method of payment (see overleaf before ticking as appropriate) 
Note: cheques not made out in sterling must be increased by the equivalent of £15.00 











У Bank draft LI Cheque (payable to Elektor Electronics Publishing) 





Expiry date: . _  _ Signature: 
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International Subscription Service 


Please enter my subscription to Elektor Electronics 
for Ч опе year Ч two years (tick as required) 
by О surface mail О airmail (tick as required). 
Method of payment (see overleaf before ticking as appropriate) 
С Cheque enclosed (payable to Elektor Electronics Publishing) 
Ч Giro transfer to a/c 34 152 3801 
C] Credit card Expiry date............... Signature: Мн: 
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Name _________________–_–_–_–-–-–_–-_-–_.._ 
(სი О ate EVA Ad cis REE E 
.იემძ“წმიიიიიიიეიი”“ Postal code ...................... 
Telephone ............................. წხ eae anes 


Send this form to 

Elektor Electronics, World Wide Subscription Service Ltd, Unit 4, Gibbs Reed Farm, 
Pashley Road, Ticehurst TNS 7HE, England 

4.94 (Registered in the UK under the Data Protection Act, 1984) 
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TERMS OF BUSINESS 


HOW TO PAY 

Unless you have an approved credit account 
with us, all orders must be accompanied by 
the full payment, including postage and pack- 
ing charges as stated on page 70, section 1. 

Payment may be made by cheque drawn 
on a London clearing bank (but see para. 4 
below), postal order, VISA, ACCESS, MAS- 
TERCARD or EUROCARD (when paying by 
credit card, the order must go to the card- 
holder's address). Do not send cash through 
the mail. Cheques and postal orders should be 
crossed and made payable to “Elektor Electronics 
(Publishing). 

Payment may also be made by direct trans- 
fer from a private or business Giro account to 
our Giro Account No. 34 152 3801 by com- 
pleting and sending to the National Giro Centre, 
in a National Giro postage paid envelope. a 
National Giro transfer/deposit form. Do not send 
Giro transfers direct to us, as this will delay your 
order. 

If you live outside the UK, payment may 
also be made by Bankers’ sterling draft drawn 
on a London clearing bank, Eurocheque made 
out in pounds sterling (with holder's guaran- 
tee card number written on the back), or US or 
Canadian dollar cheque, but such cheques, ac- 
cepted at the exchange rate prevailing at the 
time your order is received, must be increased 
by the equivalent of £15.00 to cover our bankers` 
negotiating fee. 

If you pay by Bankers' sterling draft. make 
clear to the issuing bank that your full name 
and address MUST be communicated to the 
London clearing bank. 

Our bankers are National Westminster 
Bank PLC, 100 High Street, BRENTFORD 


ТҰЗ 8AY, England. Our account number is 
4285 0134. 


DELIVERY 
Although cvery effort will be made to dispatch 
your order within 2-3 weeks from recciptof your 
instructions, we can not guarantee this time scale 
for all orders. 


RETURNS 

Faulty goods or goods sent in error may be re- 
turned for replacement or correction, but not 
before obtaining our consent. All goods re- 
turned should be packed securely in a padded 
bag or box. enclosing a covering letter stating 
the dispatch note number. If the goods are re- 
turned because of a mistake on our part, we 
will refund the return postage. Goods returned 
for refund must be in resaleable condition and 
will be subject to a 10% handling charge with 
a minimum charge of £2-50. 


DAMAGED GOODS 

Claims for damaged goods must be received at 
our Dorchester office within 10 days (UK); 14 
days (Europe) or 21 days (all other countries) 
from the date on our "Recorded Delivery” slip. 


CANCELLED ORDERS 
All cancelled orders will be subject to a 10% 


handling charge with a minimum charge of 


£2.50. 


PATENTS 

Patent protection may exist in respect of circuits, 
devices, components, and soon, described in our 
books or magazines. Elektor Electronics (Publishing) 
do not accept responsibility or liability for fail- 


ing to identify such patent or other protection. 


COPYRIGHT 
All drawings, photographs, articles, printed-cir- 
cuit boards, EPROMS, and cassettes published in 
our books or magazines (other than in third-party 
advertisements) are copyright and may not be 
reproduced or transmitted in any form or by 
any means, including photocopying and record- 
ing, in whole or in part, without the prior per- 
mission of Elektor Electronics (Publishing) in 
writing. Such written permission must also be 
obtained before any part of these publications 
is stored in a retrieval system of any nature. 
Nothwithstanding the above, printed-circuit 
boards may be produced for private and personal 
use without prior permission. 


LIMITATION OF LIABILITY 

Elektor Electronics (Publishing) shall not be 
liable in contract, tort, or otherwise, for any 
loss or damage suffered by the purchaser what- 
soever or howsoever arising out of, or in con- 
nexion with, the supply of goods or services by 
Elektor Electronics (Publishing) other than to 
supply goods as described or, at the option of 
Elektor Electronics (Publishing), to refund the 
purchaser any money paid in respect of the 
goods. 


LAW 
Any question relating to the supply of goods 
and services by Elektor Electronics (Publishing) 
shall be determined in all respects by the laws 
of England. 

April 1993 


' Annual subscription rates (1994) only may pay in $US cheques. | 
| United Kingdom £27.00  Thestandard subscription order period is twelve months. | 
! Rest of the world (surface mail) £33.00 If a permanent change of address during your subscrip- i 
(AIRMAIL tion period means that copies have to be dispatched by а! 
| Europe & Eire £34.00 more expensive service, no extra charge will be made. | 
! USA & Canada $57.00 Similarly, no refund will be made, nor expiry date extended, | 
| Middle East & North Africa £43-00 if a change of address allows the use of a cheaper service. | 
| Central & southern Africa $43.00 | 
| Central & South America £43-00 Student applications, which qualify for a 10% (ten рег! 
| Australia & New Zealand £45-00 cent) reduction in current rates, must be supported by cv- | 
| Far East & South Pacific regions £45.00 idence of studentship signed by the head of the college, | 
i school or university faculty. 
| Payment may be made by cheque in sterling drawn | 
' on a London clearing bank (but see below), postal Please note that new subscriptions take about four weeks | 
| order, VISA, ACCESS, MASTERCARD Or EUROCARD (in which from receipt of order to become effective. | 
| case the subscription must be sent to the cardholder’s ad- | 
! dress) or by direct transfer to our Giro Account no. 34 Cancelled subscriptions will be subject to a charge of | 
| 152 3801. Do not send cash through the mail. Cheques 25% (twenty-five per cent) of the full subscription price or | 
г and postal orders should be made payable to ‘Elektor — £7.50, whichever is the higher, plus the cost of any issues | 
| Electronics Publishing’. Giro transfers should be made by already dispatched. Subscriptions cannot be cancelled after | 
| completing and sending the appropriate transfer/deposit they have run for six months or more. | 
! form to the National Giro Centre (UK) or to your national ' 
| Giro Centre. Our bankers are National Westminster Bank PLC, Sorting | 
| If you live outside the United Kingdom, payment may Code 60-03-23, 100 High Street, Brentford TW8 8AY, | 
І also be made by Bankers’ sterling draft drawn ona London England. Our account number is 4285 0134. | 
| clearing bank or Eurocheque. Eurocheques should be | 
| made out in pounds sterling and have the holder's guarantee June 1993 | 
! card number written on the back. | 
| | 
| US dollar cheques. Subscribers іп the USA and Canada | 
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Please mention ELEKTOR ELECTRONICS when contacting advertisers 





Low cost data acquisition for ІВМ PCs & compatibles 





А unique range of easy to use data acquisition products designed for use with IBM compatible ` 
computers. Combined with the software they allow your PC to be used as a host of useful test and 
measurement instruments, or as an advanced data logger. 


Installed in seconds they simply plug into the parallel port (except the ADC-16 which connects to the 
serial port). They are self contained, require no power supply and take up no expansion slots. 


Each device comes with a comprehensive manual. C, Pascaland Basic drivers are included for users 
| who wish to write their own software Software supplied on 3.5" disk. 


PicoScope "vel instrument’ software WI PicoLog Collect, store, display andprint 
E package. Storage oscilloscope data from 1 sample per ms to 
1регаау. Recordaverage, min/ 
max values or scaled values 


aae Fran ფისოს rl 
: with trigger, timebase, rulers k : ' 

and offsetfunctions. Realtime ჩა: 1 | T 

K : А, d Ay н 

4 | 

ქ Nj 


Vu Nemet (linear, equation, table look up). 

NT | fon Sa 
SK -| Reporttypes: monitor (with min/ 

ИШ. 


`| тах frequency and signal 1 1 
Due averaging. Multiple meters on А ee max alarms), y-t graphs, x-y 
Scope, voltmeter, Screen (digital and bargraph). +. graphs, tabulation. 
pectrum analyser Printer andfile handling support d Advanced datalogging software package 


2 
$ 
spectrum analysis with min/ : N 


C-10 single channel 8 bit 
Up to 24kHz sampling rate from Up to 18kHz sampling rate 
a386/33MHz machine 5 from а386/33МН2 machine 
; 0-5V Input range ‚ 4 0-2.5V Input range 


i 


BNC input connector allows A ms Digital output 

use of standard scope probes E qe D25 input connector 
30Voverload protection ა. 30V overload protection 
Parallel port connection е Parallel port connection 


ADC-12 single channel 12 bit ADC-16 eight channel 16 bit 
N Up to 18kHz sampling rate Software selectable single 
NS 


| 2 _ 0-5V Input range 


б. ended or differential inputs 


* Resolution programmable 
between 8 and 16 bits + sign 


+2.5V input range 
5V reference output 
Connects to serial port 


i BNC input connector allows 
/ use ofstandard scope probes 


30V overload protection 
Parallel port connection 


Prices 

ADC-10 with PicoScope 

ADC-10 with PicoScopeandPicoLog 
ADC-11 with PicoScope 

ADC-11 with PicoScopeand PicoLog 
ADC-12with PicoScope 

ADC-12 with PicoScopeandPicol og 
ADC-16 with PicoLog 

PicoLog (for ADC-10/11/12) 
Oscilloscope probes (x1 x10) 


VISA 


აღ Pico Technology Ltd. Broadway House, 149 -151 St Neots Road, Hardwick, Cambridge. СВЗ 7QJ. ES 
| | EN 
— 
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ELEKTOR ELECTRONICS is available from, among others: 


CRICKLEWOOD 
ELECTRONICS LIMITED 
40 Cricklewood Broadway, 

London NW2 3ET 
Telephone 081 450 0995 

Fax 081 208 1441 





THE ELECTRONIC SHOP 
Electronic components, test 
equipment, telephone 
accessories, computer 
accessories, microphones, 
disco lighting, speakers, turn 
tables, mixers, meters, stylus. 
29 Hanging Ditch, 
Manchester M4 3ES, 
Telephone 061 834 1185 





GREENWELD 
27 Park Road 
Southampton SO1 3TB 
England 
Telephone (0703) 236 363 
Fax (0703) 236 307 





Advertising Standards Authority 


Badger Boards 

B K Electronies 

Bull Electrical 

Canal Bridge Audio 

C-I Electronics 

CIL 

Comdis Nederland 
Cricklewood Electronics 
Display Electronics 
Elektor Electronics 

Elinge Komponent Service 
ESR Electronic Components 
Eurocom International Ltd 
Ice Technology 

Instrutek (UK) 

KMN Developments 
Labcenter 

Maplin Electronic Supplies 
Number One Systems Ltd 
Pico Technology Ltd 
POWER ware 

SigCad 

Speaker Builder 

Stewart of Reading 

Suma Designs 

Those Engineers 


L.F. HANNEY 
Your electronic component 
specialist for Avon, Wilts & 
Somerset. 
77 Lower Bristol Road, Bath, 
Avon, Telephone 0225 
424811 





D.P. HOBBS (NORWICH) 
LTD 

Electronic component 

specialists. Amateur radio 
equipment. 
13 St. Benedict Street, 
Norwich NR2 4PE, 

Telephone 0603 615786 





MANCOMP 
240 Platt Lane 
Manchester M14 7BS 
England 
Telephone 061 224 1888 





OMNI ELECTRONICS 
Stock a wide range of 
electronic components. 
174 Dalkeith Road, 
Edinburgh EH16 5DX, 
Telephone 031 667 2611 


AAGE NIELSEN 
] Sortedam Dosseringen 
DK-2200 Copenhagen, 
Denmark, 
Telephone 01 39 30 10 
Fax 031 39 05 02 





HELMHOLT ELEKTRONIK 
Farvevej 2 
DK-7600 Struer, Denmark 
Telephone 97 85 26 11 


RCE ELECTRONIC 
CENTRE 
Boulevarden 34 
DK-9000 Aalborg, Denmark 
Telephone 98 16 07 10 





VEJLE RC ELERTRONIK 
Sdr Brogade 42 
P O Box 332 
DK-7100 Vejle, Denmark 
Telephone 75 83 25 33 





BEBEK ELECTRONICS 
Hirsimetsántie 26 
SF-15200 Lahti 11 

Finland 

Telephone (18) 33 99 46 
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Your design ideas аге quickly 
captured using the ULTIcap 
schematic design Tool. ULTIcap 
uses REAL-TIME checks to prevent 
logic errors. Schematic editing is 
painless; simply click your start and 
end points and ULTIcap 
automatically wires them for you. 
ULTIcap's auto snap to pin and auto 
junction features ensure your netlist 
is complete, thereby relieving you of 
tedious netlist checking. 


ULTIshell, the integrated user 
interface, makes sure all your design 
information is transferred correctly 
from ULTIcap to ULTIboard. Good 
manual placement tools are vital to 
the progress of your design, 
therefore ULTIboard gives you a 
powerful suite of REAL-TIME 
functions such as, FORCE VECTORS, 
RATS NEST RECONNECT and 
DENSITY HISTOGRAMS. Pin and 
gate swapping allows you to further 
optimise your layout. 


Now you can quickly route your 
critical tracks. ULTIboard's 
REAL-TIME DESIGN RULE CHECK 
will not allow you to make illegal 
connections or violate your design 
rules, ULTIboard's powerful TRACE 
SHOVE, and 
REROUTE-WHILE-MOVE algorithms 
guarantee that any manual track 
editing is flawless. Blind and buried 
vias and surface mount designs are 
fully supported, 


If you need partial ground planes, 
then with the Dos extended board 
systems you can automatically 
create copper polygons simply by 
drawing the outline. The polygon is 
then filled with copper of the 
desired net, all correct pins are 
connected to the polygon with 
thermal relief connections and user 
defined gaps are respected around 
all other pads and tracks. 


More than 


10.000 


Users 


ULTIboard's autorouter allows you 
to control which parts of your board 
are autorouted, either selected 
nets, or a component, or a window 
of the board, or the whole board. 
ULTIboard's intelligent router uses 
copper sharing techniques to 
minimise route lengths. Automatic 
via minimisation reduces the 
number of vias to decrease 
production costs. The autorouter 
will handle up to 32 layers, as well 
as single sided routing. 








ULTIboard's backannotation 
automatically updates your ULTIcap 
schematic with any pin and gate 
swaps or component renumbering. 
Finally, your design is post 


photo plots, dot matrix/laser or 


postscript prints and custom 
drill files. 


ULTISC 





ASW = PRODUCT IVITY 


ULTIboard, one of the leading PC based 
design systems, is suplied worldwide via a 
network of ULTImate Technology offices 
and distributors. ULTIboard's success іп 
the professional design community is 
primarily due to its superior interactive 
functionality. 


Real Time Placement Aids, Real Time 
Design Rule Check, Trace Reroute While 
Move and Trace shove, are all features 
wich will dramatically reduce your design 
time. 


Intergration with ULTIcap guarantees 
smooth data flow between Schematic and 
PCB editing and the inclusion of third party 
netlist interfaces ensures ULTIboard will fit 
into any design environment. 


Another of ULTImate Technology's 
strengths is our flexible growth path. 
Users may start with a low cost ULTIboard 
Challenger Lite and grow, step by step, to 
a 32-bit Advanced system with Ripup and 
Retry Autorouting and Digital Simulation. 


ULTImate Technonlogy also looks after 
existing users, providing they have valid 
mainenance subscriptions they will be 
upgraded to a new system based on their 
original investment. For instance, a 1987 
ULTlboard-DOSsystem has now been 
upgraded to a 32-bit 
Advaced system with 
Windows compliance and 2 
Autorouters. 


ULTImate Technology not 
only adds value to your 
investment in a ULTlboard 
system but backs it up 
with the highest quality 
support from our 
distributors and offices. 






Corporate Headquarters: 
Energiestraat 36 • 1411 AT Naarden 
The Netherlands 

tel.: (+31) 2159 - 44444 

fax: (+31) 2159 - 43345 


UK/Ireland Sales-Office: 

2 Bacchus House • Calleva Park 
Aldermaston Berkshire е RG7 40W 
tel.: 0734 - 812030 * fax: 0734 - 815323 





* ULTIcap Schematics-& ULTIboard PCB- -Design 
* DOS-Version with 500 Pin Design capacity 
“100% Compatible with 32-bit Versions | 

* 450 page manual PLUS full color tutorial 

* Technical Support, Updates possible 

* Growth path’ to 32-bit without loss of invest 


Recession-proof price: 2 
excl. shipping/handling, VAT/ Sales tax £ Жи ча 





Also available is a full function (as described above, with a 350 pin design capacity)Evaluation System for only £ 75 excl shipping/handling, VAT/Sales). 





Assurance 
12750 


В$ 5750 
Рам 2 1987 
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on sale now, only £2.95. 


Over 700 colour packed pages with hundreds 
of brand New Products at Super Low Prices, 
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